
SPECIFICATION 

TITLE OF THE INVENTION: AIR CONDITIONING SYSTEM AND OPERATION 

METHOD FOR AIR CONDITIONING SYSTEM 

FIELD OF THE ART 

[0001] 	The present invention relates to an air conditioning 

system and an operation method for the air conditioning system. 

To be more detailed, the present invention relates to an air 

conditioning system combining an air conditioner and a radiant 

heat exchanger and arranged so that the radiant heat exchanger 

has a function of covering a heating element and is capable 

of promoting convection of indoor air to enable startup of air 

conditioning until comfort is provided to be quickened and the 

indoor air to be made uniform in a short time to thereby enable 

air conditioning of an indoor space to be performed efficiently 

without applying an uncomfortable draft sensation to the human 

body. 

BACKGROUND ART 

[0002] 	Air conditioning of an indoor space of a general 

household or office, 	etc., 	is generally performed using a 

packaged air conditioner, such as a room air conditioner or 

a multi air conditioner, etc. 	On the other hand, a radiant 

heat exchange unit, which, unlike an air conditioner having 

a forced convection type indoor machine, does not emit driving 



noise or wind noise due to a fan and does not apply an uncomfortable 

draft sensation to the human body by blowing cold air or warm 

air, is also used. 	Further, an air conditioning system having 

a radiant heat exchanger incorporated in a refrigerant circuit 

for a refrigeration cycle of the air conditioner has also been 

proposed. 

[0003] 	As an example of such an air conditioning system, 

there is the air conditioning systemdescribed in Patent Document 

1. 

This conventional air conditioning system includes a 

refrigerant circuit <10>, in which a compressor <11>, an indoor 

heat exchanger <13>, and an outdoor heat exchanger <15> are 

connected by piping to circulate a refrigerant to perform a 

refrigeration cycle, and includes a heating operation function 

by which warm air, 	resulting from heat exchange with the 

refrigerant at the indoor heat exchanger <13>, is supplied to 

an indoor space. 

[0004] 	The refrigerant circuit <10> includes a radiant 

panel <12>, which is connected between the discharge side of 

the compressor <11> and the indoor heat exchanger <13>, absorbs 

heat from the refrigerant, and emits radiant heat to the indoor 

space, and, at the same time, is arranged so that the high pressure 

of the refrigeration cycle is higher than a critical pressure 
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of the refrigerant. 

A wide high temperature region can thereby be set for 

the refrigerant and the high-temperature radiant heat from the 

radiant panel <12> is supplied to the indoor space so that the 

warm air blowing amount of the indoor heat exchanger <13> is 

decreased and, consequently, the draft sensation is decreased 

and the capability of heating by radiant heat can be increased 

significantly. 

PRIOR ART DOCUMENT(S) 

PATENT DOCUMENT(S) 

[0005] 	Patent Document 1: Japanese Published Unexamined 

Patent Application No. 	2005-16919 

SUMMARY OF THE INVENTION 

PROBLEM(S) TO BE SOLVED BY THE INVENTION 

[0006] 	The radiant heat exchanger of the air conditioning 

system according to Patent Document 1 as described above is 

a panel structure called the radiant panel, and the three forms 

of (1) a floor unit separate from the indoor machine (Embodiment 

1, see FIG. 2), (2) an integral floor unit, with which the radiant 

panel and the indoor heat exchanger are housed in a single indoor 

unit (Embodiment 2, see FIGS. 5 and 6) , and (3) a ceiling-embedded 

unit, with which the indoor heat exchanger is housed in a casing 

and the radiant panel is embedded at the center of a grill 
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(Embodiment 6, 	see FIG. 	18), 	are described. 

[0007] 	With the air conditioning systemdescribed in Patent 

Document 1, the radiant panel of each of the embodiments is 

simplydisposedwith the radiant surface facing the indoor space, 

the generation of air convection by the radiant heat is extremely 

slight, and the stirring of the indoor air is mainly performed 

by a fan that delivers the indoor air heated by the indoor heat 

exchanger. 	Therefore if startup of air conditioning of the 

indoor space is to be accomplished in a short time or the indoor 

air is to be made uniform in a short time, the blowing amount 

of the fan must be increased after all and moreover, blowing 

by the fan is localized, poor in air stirring efficiency, and 

takes time and the applying an uncomfortable draft sensation 

to the human body thus cannot be resolved sufficiently. 

[0008] 	Also in Patent Document 1, it is not indicated in 

particular that the heat generating portion of the radiant panel 

is covered, 	and if, 	for instance, 	the surface of the heat 

generating portion is exposed, it is dangerous as there is a 

possibility of inflicting a burn when a hand or body of a user 

is put in contact with the heat generating portion when it is 

heated during operation. 

[0009] 	The present invention has been made in view of the 

above points, 	and an object thereof is to provide an air 
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conditioning system combining an air conditioner and a radiant 

heat exchanger and an operation method for the air conditioning 

system such that the radiant heat exchanger has a function of 

covering a heating element and is capable of promoting convection 

of indoor air to enable startup of air conditioning until comfort 

is provided to be quickened and the indoor air to be made uniform 

in a short time to thereby enable air conditioning of an indoor 

space 	to 	be 	performed 	efficiently 	without 	applying 	an 

uncomfortable draft sensation to the human body. 

MEANS FOR SOLVING THE PROBLEM (S) 

[0010] 	The means taken by the present invention to resolve 

the above problems are as follows. 

(1) 	The present invention provides an air conditioning 

system including an air conditioner having a refrigerant circuit, 

in which a compressor, an expansion valve, 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, and supplying air, which has 

undergone heat exchange with the refrigerant at the indoor side 

heat exchanger, to an indoor space by a fan, a radiant heat 

exchanger 	having 	a 	heating 	element 	incorporated 	in 	the 

refrigerant circuit of the air conditioner, 	and rectifying 

plates sandwiching the heating element of the radiant heat 
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exchanger in between and each covering a surface of the heating 

element across a gap provided with respect to the surface, having 

the inner surface arranged as a reflecting surface that reflects 

the radiant heat radiated from the heating element, having a 

radiant heat passing portion penetrating through the inner and 

outer surfaces and allowing passage of radiant heat and air, 

and promoting air convection by a chimney effect. 

[0011] 	(2) With the present invention, the radiant heat 

exchanger may be disposed with a piping of the heating element 

being connected in series to the piping of the refrigerant 

circuit. 

[0012] 	In this case, the air conditioning system is an air 

conditioning system of the simplest arrangement among those 

having an air conditioner and a radiant heat exchanger and with 

which the two components are put in operation simultaneously. 

Therefore, for example in the case of an installation where 

a radiant heat exchanger is to be combined with an air conditioner 

that is already installed in a general household, the above 

arrangement can be the simplest and most inexpensive means. 

[0013] 	(3) The present invention may include an operation 

mode switching means by which switching to a single operation 

mode among the respective operation modes of a first operation 

mode of putting the air conditioner and the radiant heat 
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exchanger in operation, a second operation mode of putting only 

the air conditioner in operation, and a third operation mode 

of putting only the radiant heat exchanger in operation is 

performed automatically or manually. 

[0014] 	In this case, the most favorable operation mode can 

be selected appropriately in accordance with the circumstances 

of air conditioning of the indoor space, for example, as in 

performing operation in the first mode of putting the air 

conditioner and the radiant heat exchanger in operation until 

the air conditioning of the indoor space is 	up and running 

and maintaining air conditioning in the second mode of putting 

only the air conditioner in operation or the third mode of putting 

only the radiant heat exchanger in operation once the air 

conditioning is up and running, etc. 	Air conditioning that 

is comfortable to a user can thus be performed and a contribution 

to energy saving can be made because excessive rise or drop 

of temperature, 	etc., 	can be suppressed. 

[0015] 	(4) The present invention (operation mode switching 

means 1: six valves type) may include 

an operation mode switching means by which switching to 

a single operation mode among the respective operation modes 

of a first operation mode of putting the air conditioner and 

the radiant heat exchanger in operation, a second operation 
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mode of putting only the air conditioner in operation, and a 

third operation mode of putting only the radiant heat exchanger 

in operation is performed automatically or manually, and the 

operation mode switching means may include a first piping 

connecting the expansion valve and the indoor side heat exchanger, 

a first valve that the first piping has in its course, a second 

piping connecting the flow path switching valve and the indoor 

side heat exchanger, a second valve that the second piping has 

in its course, a third piping having one end side connected 

to the second piping and the other end side connected to one 

end side of the piping of the heating element of the radiant 

heat exchanger, a third valve that the third piping has in its 

course, a fourth piping having one end side connected to the 

other end side of the piping of the heating element of the radiant 

heat exchanger and the other end side connected to the second 

piping at a position closer to the flow path switching valve 

than the second valve, a fourth valve that the fourth piping 

has in its course, a fifth piping having one end side connected 

to the second piping at a position closer to the flow path 

switching valve than the second valve and the other end side 

connected to the first piping at a position closer to the 

expansion valve than the first valve, a fifth valve that the 

fifth piping has in its course, and a sixth valve that the second 
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piping has in a course between the connection portions to the 

fourth piping and the third piping. 

[0016] 	In this case, when in the air conditioning system, 

the outdoor machine, the indoor machine, and the radiant heat 

exchanger are to be put in operation, the fifth valve and the 

sixth valve are closed and the other valves, that is, the first 

valve, the second valve, the third valve, and the fourth valve 

are opened. 

Also, when operation of the indoor machine is to be stopped 

and only the radiant heat exchanger is to be put in operation, 

the first valve, the second valve, and the sixth valve are closed, 

and the other valves, that is, the third valve, the fourth valve, 

and the fifth valve are opened. 

Further, when operation of the radiant heat exchanger 

is to be stopped and only the indoor machine is to be put in 

operation, the third valve, the fourth valve, and the fifth 

valve are closed, and the other valves, that is, the first valve, 

the second valve, and the sixth valve are opened. 

[0017] 	(5) The present invention (operation mode switching 

means 2: 	five valves type) may include 

an operation mode switching means by which switching to 

a single operation mode among the respective operation modes 

of a first operation mode of putting the air conditioner and 
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the radiant heat exchanger in operation, a second operation 

mode of putting only the air conditioner in operation, and a 

third operation mode of putting only the radiant heat exchanger 

in operation is performed automatically or manually, 	the 

operation mode switching means may include a first piping 

connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and 

the indoor side heat exchanger, a third piping having one end 

side connected to the second piping and the other end side 

connected to one end side of the piping of the heating element 

of the radiant heat exchanger, a fourth piping having one end 

side connected to the other end side of the piping of the heating 

element of the radiant heat exchanger and the other end side 

connected to the second piping at a position closer to the indoor 

side heat exchanger than the connection portion to the third 

piping, a fifth piping having one end side connected to the 

second piping at a position near the connection portion to the 

fourth piping and the other end side connected to the first 

piping, a valve that the fifth piping has in its course, and 

a valve that the second piping has in its course between the 

connection portions to the fourth piping and third piping, and 

one of either of the first piping and the second piping may 

have a valve in its course or one of either of the third piping 
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and the fourth piping may have a valve in its course. 

[0018] 	In this case, when in the air conditioning system, 

the outdoor machine, the indoor machine, and the radiant heat 

exchanger are to be put in operation, the valve of the fifth 

piping and the valve in the course between the connection 

portions to the fourth piping and the third piping are closed 

and the valve of one of either of the first piping and the second 

piping or the valve of one of either of the third piping and 

the fourth piping is opened. 

Also, when operation of the indoor machine is to be stopped 

and only the radiant heat exchanger is to be put in operation, 

the valve in the course between the connection portions to the 

fourth piping and the third piping and the valve, if any, in 

one of either of the first piping and the second piping are 

closed, and the valve of the fifth piping and the valve, if 

any, in one of either of the third piping and the fourth piping 

are opened. 

Further, when operation of the radiant heat exchanger 

is to be stopped and only the indoor machine is to be put in 

operation, the valve of the fifth piping and the valve, if any, 

in one of either of the third piping and the fourth piping are 

closed, and the valve in the course between the connection 

portions to the fourth piping and the third piping and the valve, 
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if any, in one of either of the first piping and the second 

piping are opened. 

[0019] 	(6) The present invention (operation mode switching 

means 3: 	four valves type) may include 

an operation mode switching means by which switching to 

a single operation mode among the respective operation modes 

of a first operation mode of putting the air conditioner and 

the radiant heat exchanger in operation, a second operation 

mode of putting only the air conditioner in operation, and a 

third operation mode of putting only the radiant heat exchanger 

in operation 	is performed automatically or manually, 	the 

operation mode switching means may include a first piping 

connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and 

the indoor side heat exchanger, a third piping having one end 

side connected to the second piping and the other end side 

connected to one end side of the piping of the heating element 

of the radiant heat exchanger, a fourth piping having one end 

side connected to the other end side of the piping of the heating 

element of the radiant heat exchanger and the other end side 

connected to the second piping at a position closer to the indoor 

side heat exchanger than the connection portion to the third 

piping, a fifth piping having one end side connected to the 
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second piping at a position near the connection portion to the 

fourth piping and the other end side connected to the first 

piping, a valve that the fifth piping has in its course, and 

a valve that the second piping has in its course between the 

connection portions to the fourth piping and the third piping, 

and one of either of the first piping and the second piping 

may have a valve in its course and one of either of the third 

piping and the fourth piping may have a valve in its course. 

[0020] 	In this case, when in the air conditioning system, 

the outdoor machine, the indoor machine, and the radiant heat 

exchanger are to be put in operation, the valve of the fifth 

piping and the valve in the course between the connection 

portions to the fourth piping and the third piping are closed 

and the valve of one of either of the first piping and the second 

piping or the valve of one of either of the third piping and 

the fourth piping is opened. 

Also, when operation of the indoor machine is to be stopped 

and only the radiant heat exchanger is to be put in operation, 

the valve in one of either of the first piping and the second 

piping and the valve in the course between the connection 

portions to the fourth piping and the third piping are closed, 

and the valve in one of either of the third piping and the fourth 

piping and the valve of the fifth piping are opened. 
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Further, when operation of the radiant heat exchanger 

is to be stopped and only the indoor machine is to be put in 

operation, the valve in one of either of the third piping and 

the fourth piping and the valve of the fifth piping are closed, 

and a valve in one of either of the first piping and the second 

piping and the valve in the course between the connection 

portions to the fourth piping and the third piping are opened. 

[0021] 	(7) The present invention (operation mode switching 

means 4: single valve type) may include 

an operation mode switching means by which switching to 

a single operation mode among the respective operation modes 

of a first operation mode of putting the air conditioner and 

the radiant heat exchanger in operation, a second operation 

mode of putting only the air conditioner in operation, and a 

third operation mode of putting only the radiant heat exchanger 

in operation 	is performed automatically or manually, 	the 

operation mode switching means may include a first piping 

connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and 

the indoor side heat exchanger, a third piping having one end 

side connected branchingly to the second piping and the other 

end side connected to one end side of the piping of the heating 

element of the radiant heat exchanger, a fourth piping having 
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one end side connected to the other end side of the piping of 

the heating element of the radiant heat exchanger and the other 

end side connected branchingly to the second piping, and a valve 

that the second piping has in its course between the connection 

portion to the third piping and the connection portion to the 

fourth piping, and the length of the course that is the sum 

of the third piping, the piping of the heating element, and 

the fourth piping may be formed to be longer than the length 

of the course between the connection portion to the third piping 

and the connection portion to the fourth piping. 

[0022] 	In this case, when the outdoor machine, the indoor 

machine, and the radiant heat exchanger are to be put in operation, 

the valve in the course between the connection portion to the 

third piping and the connection portion to the fourth piping 

is closed. 

Also, when operation of the radiant heat exchanger is 

to be stopped and only the indoormachine is to be put in operation, 

the valve in the course between the connection portion to the 

third piping and the connection portion to the fourth piping 

is opened. 	Thus, the refrigerant passing through the second 

piping does not pass through the third piping, the piping of 

the heating element, and the fourth piping that branches from 

the second piping and the sum course of the third piping, the 
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piping of the heating element, and the fourth piping is longer 

than the course between the connection portion to the third 

piping and the connection portion to the fourth piping but the 

refrigerant passes through the shorter course between the 

connection portion to the thirdpiping and the connection portion 

to the fourth piping. 

Further, when operation of the indoor machine is to be 

stopped and only the radiant heat exchanger is to be put in 

operation, the fan of the indoor machine of the air conditioner 

is stopped in the state where the valve in the course between 

the connection portion to the third piping and the connection 

portion to the fourth piping is closed. 	Thus, the indoor machine 

cannot perform air conditioning and the refrigerant merely 

passes through the piping of the indoor side heat exchanger 

so that practically, only the radiant heat exchanger is put 

in operation. 

[0023] 	(8) The present invention (operation mode switching 

means 5: two or three valves type) may include 

an operation mode switching means by which switching to 

a single operation mode among the respective operation modes 

of a first operation mode of putting the air conditioner and 

the radiant heat exchanger in operation, a second operation 

mode of putting only the air conditioner in operation, and a 
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third operation mode of putting only the radiant heat exchanger 

in operation is performed automatically or manually, and the 

operation mode switching means may include a first piping 

connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and 

the indoor side heat exchanger, a third piping having one end 

side connected to the second piping and the other end side 

connected to one end side of the piping of the heating element 

of the radiant heat exchanger, a fourth piping having one end 

side connected to the other end side of the piping of the heating 

element of the radiant heat exchanger and the other end side 

connected to the second piping, and a valve that the second 

piping has in its course between the connection portion to the 

third piping and the connection portion to the fourth piping, 

and either or both of the third piping and the fourth piping 

may have a valve in the course or courses thereof. 

[0024] 	In this case, when the outdoor machine, the indoor 

machine, and the radiant heat exchanger are to be put in operation, 

the valve in the course between the connection portion to the 

third piping and the connection portion to the fourth piping 

is closed and the valve or valves that either or both of the 

third piping and the fourth piping has or have is or are opened. 

Also, when operation of the radiant heat exchanger is 
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to be stopped and only the indoor machine is to be put in operation, 

the valve in the course between the connection portion to the 

third piping and the connection portion to the fourth piping 

is opened and the valve or valves that either or both of the 

third piping and the fourth piping has or have is or are closed. 

Thus, the refrigerant passes through the second piping and does 

not pass through the third piping, the piping of the heating 

element, 	and the fourth piping. 

Further, when operation of the indoor machine is to be 

stopped and only the radiant heat exchanger is to be put in 

operation, the fan of the indoor machine of the air conditioner 

is stopped in the state where the valve in the course between 

the connection portion to the third piping and the connection 

portion to the fourth piping is closed and the valve or valves 

that either or both of the third piping and the fourth piping 

has or have in the course thereof is or are opened. 	Thus, the 

indoor machine cannot perform air conditioning and merely the 

refrigerant passes through the piping of the indoor side heat 

exchanger so that practically, only the radiant heat exchanger 

is put in operation. 

[0025] 	(9) 	The present invention may have an arrangement 

where the heating element has a plurality of piping, the piping 

are connected in parallel to the pipingmaking up the refrigerant 
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circuit, the direction of flow of the refrigerant is the up/down 

direction, a gas-liquid two-phase refrigerant passes through 

from the upper sides to the lower sides of the piping of the 

heating element during cooling, and a gas phase refrigerant 

passes through from the lower sides to the upper sides of the 

piping of the heating element during heating. 

[0026] 	In this case, the thermal efficiency is improved 

by introducing the refrigerant into the piping from the upper 

side of the heating element and passing it to the lower side 

during cooling because ordinarily, the temperature is higher 

and the thermal energy for revaporization is greater near the 

ceiling at the upper side. 	In the process of being guided by 

the piping and moving downward through the piping by the action 

of gravity while absorbing heat, 	the gas-liquid two-phase 

refrigerant undergoes efficient heat exchange and changes to 

the gas phase refrigerant and the gas phase refrigerant is guided 

to the outdoor machine. 	Also in the parallel arrangement, the 

cross section of an upper header, etc., may be made larger than 

that 	of 	the 	introduction 	piping 	so 	that 	the 	introduced 

refrigerant is uniformly distributed among the plurality of 

branched piping. 	In this case, 	the upper header, 	etc., has 

a large cross section (space) andthereforewhenthe refrigerant 

enters the upper header, etc., the pressure is released and 
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the revaporization is promoted. 

[0027] 	Also during heating, the temperature near the floor 

at 	the 	lower 	side 	is 	ordinarily lower 	and therefore 	for 

performing heating by heat dissipation, 	the heat exchange 

efficiency is better if the refrigerant is introduced from the 

lower portion at which the temperature difference is large. 

That is, 	the gas phase refrigerant is guided by the piping 

branching from a lower header, etc., and moves upward through 

piping while condensing and dissipating heat. 	In this process, 

gravity hardly acts on the refrigerant because it is in the 

gas phase and the refrigerant can thus move upward smoothly. 

Also at the heating element, heat exchange by heat dissipation 

is performed efficiently and the refrigerant changes partially 

to a liquid phase refrigerant by condensation to become a 

gas-liquid two phase refrigerant that is guided to the indoor 

machine. 	The refrigerant is further condensed and dissipates 

heat at the indoor machine of the air conditioner and then the 

refrigerant is guided to the outdoor machine. 

[0028] 	(10) With the present invention, the piping of the 

heating element may have a corrugated pipe arrangement, which 

is connected in series to the piping making up the refrigerant 

circuit and with which the direction of flow of the refrigerant 

is the up/down direction. 
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[0029] 	Although unlike in the case of the heating element 

with the parallel piping arrangement, the advantages of passing 

the high-temperature, high-pressure gas phase refrigerant from 

the lower side to the upper side of the piping during heating 

and passing the gas-liquid two-phase refrigerant from the upper 

side to the lower side of the piping during cooling are not 

provided in the present case, the refrigerant may be passed 

from one of either of the upper and lower sides to the other 

side and the degree of freedom of the piping is thus high. 	Also, 

in the process in which the refrigerant moves up and down 

repeatedly inside the piping, the downward movement of the 

gas-liquid two-phase refrigerant by the action of gravity and 

the upward movement of the gas phase refrigerant in the state 

that is not subject to gravity are repeated alternately so that 

the refrigerant flows smoothly and heat exchange as an evaporator 

is also performed smoothly. 

[0030] 	(11) The present invention may have an arrangement 

where the piping of the heating element has a corrugated pipe 

arrangement, which is connected in series to the piping making 

up the refrigerant circuit and with which the direction of flow 

of the refrigerant is the horizontal direction, a gas-liquid 

two-phase refrigerant passes from the upper side to the lower 

side of the piping of the heating element during cooling, and 
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a gas phase refrigerant passes from the lower side to the upper 

side of the piping of the heating element during heating. 

[0031] 	In this case, the radiant heat exchanger provides 

the same actions and advantages as those described above for 

the case where, in the arrangement in which the heating element 

has a plurality of piping, the piping is connected in parallel 

to the piping making up the refrigerant circuit, 	and the 

direction of flow of the refrigerant is the up/down direction, 

the high-temperature, 	high-pressure gas phase refrigerant 

passes from the lower side to the upper side of the piping during 

heating and the gas-liquid two-phase refrigerant passes from 

the upper side to the lower side of the piping during cooling. 

[0032] 	(12) 	With 	the 	present 	invention, 	end 	members 

connecting the respective rectifying plates may be disposed 

at end portions at both sides of the respective rectifying plates 

to form a tubular body that is open at an upper portion and 

a lower portion, and the heating element may be enclosed in 

the tubular body. 

[0033] 	In this case, the flow of air passing between the 

rectifying plates is made a more rectified flow due to the 

presence of the end members at end portions of both sides of 

the respective rectifying plates and the chimney effect acts 

more effectively. 
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[0034] 	(13) The present invention may have an arrangement 

where the air conditioner is a multi air conditioner having 

a plurality of indoor side heat exchangers, with piping connected 

in parallel, 	with respect to the single outdoor side heat 

exchanger and one or a plurality of the radiant heat exchangers 

is or are installed in respective correspondence to the plurality 

of indoor side heat exchangers. 

[0035] 	This 	arrangement 	enables 	efficient 	operation 

because the plurality of indoor side heat exchangers can be 

put in operation with a single outdoor machine having the outdoor 

side heat exchanger and is especially useful for air conditioning 

of respective rooms in a building, 	etc., with many rooms. 

[0036] 	(14) The present invention may have an arrangement 

where the air conditioner is an inverter air conditioner that 

performs inverter control of the compressor. 

[0037] 	In this 	case, 	multiple 	step or 	stepless 	output 

adjustment of the compressor can be performed to enable cooling 

and heating to be controlled more finely for improved comfort. 

A contribution to energy saving can also be made because fine 

control can also be performed in regard to power consumption 

during operation of the air conditioner and the radiant heat 

exchanger. 

[0038] 	(15) With the present invention, the piping of the 
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heating element may be a flat pipe having a plurality of flow 

paths running in parallel in the longitudinal direction in the 

interior or a pipe having a plurality of stria portions running 

in parallel in the longitudinal direction on the inner surface. 

[0039] 	In this case, the flat pipe has a structure where 

the respective flow paths are finely divided into a plurality 

while a sufficient area is secured for the outer surface of 

the piping that performs heat exchange and the positions of 

the respective flow paths are close to the outer surface so 

that heat exchange of higher efficiency can be performed in 

comparison to a circular pipe, etc., with which the position 

of the central portion of the flow path is somewhat far from 

the outer surface. 	Also, with the pipe with the plurality of 

stria portions, the area of the inner surface of the piping 

is made greater than that of a simple pipe, thereby enabling 

heat exchange of higher efficiency. 

[0040] 	(16) The present invention may have an arrangement 

where a ventilation guiding member, which guides the air that 

enters and exits the gaps at the inner sides of the rectifying 

plates so that the air flows smoothly, is disposed at the upper 

side or the lower side or the upper side and the lower side 

of the heating element. 

[0041] 	In this case, the flow of air due to the chimney 
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effect of the respective rectifying plates can be smoothened 

further by the ventilation guiding member, thereby enabling 

a contribution to be made toward increasing the flow rate of 

the air that is convected in the indoor space by the radiant 

heat exchanger. 

[0042] 	(17) With the present invention, one or a plurality 

of types of processing or coating, selected from among knurling, 

alumite processing, 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, 	may be 	applied to 	the 

surface of the heating element. 

[0043] 	In 	this 	case 	by 	applying 	knurling, 	alumite 

processing, or heat dissipation coating, the heating element 

can be improved in heat dissipation and the heat exchange at 

the heating element can be performed more efficiently. 	If a 

far infrared ray emission coating is applied, the far infrared 

rays emitted from the heating element, together with the radiant 

heat, 	enable indoor temperature adjustment to be performed 

efficiently. 	Also, by applying a coating having a deodorizing 

function, 	an antibacterial function, 	or a volatile organic 

compound adsorption-decomposition function, the maintenance 

of the radiant heat exchanger is made simpler and pleasant use 
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can be realized by these functions. 

[0044] 	(18) The present invention may have an arrangement 

where an advertisement or an art image is displayed on the surface 

of the rectifying plate. 

[0045] 	In this case, 	the rectifying plate that has the 

function of a cover of the heating element can be utilized as 

an advertisement panel or a sign. 	That is, the radiant heat 

exchanger has a largely exposed form of significant presence 

in the 	indoor 	space 	in which 	it 	is 	installed and if 	an 

advertisement is displayed thereon, it can be made to have a 

function of a more effective advertisement. 	Also, if an art 

image is displayed, various effects, such as the creation of 

a space with an atmosphere of splendor or a space that is relaxing 

to a user, etc., can be produced in the indoor space by the 

art image. 

[0046] 	(19) 	The 	present 	invention 	provides 	in 	an 	air 

conditioning system including an air conditioner having a 

refrigerant circuit, in which a compressor, an expansion valve, 

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, and 

supplying air, 	which has undergone heat exchange with the 

refrigerant at the indoor side heat exchanger, to an indoor 
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space by a fan, a radiant heat exchanger having a heating element 

incorporated in the refrigerant circuit of the air conditioner, 

rectifying plates sandwiching the heating element of the radiant 

heat exchanger in between and each covering a surface of the 

heating element across a gap provided with respect to the surface, 

having the inner surface arranged as a reflecting surface that 

reflects the radiant heat radiated from the heating element, 

having a radiant heat passing portion penetrating through the 

inner and outer surfaces and allowing passage of radiant heat 

and air, and promoting air convection by a chimney effect, and 

an operation mode switching means, by which switching to a single 

operation mode among the respective operation modes of a first 

operation mode of putting the air conditioner and the radiant 

heat exchanger in operation, a second operation mode of putting 

only the air conditioner in operation, and a third operation 

mode of putting only the radiant heat exchanger in operation 

is performed automatically or manually, an operation method 

for air conditioning system, in which, when the air conditioner 

and the radiant heat exchanger are put in operation in the first 

operation mode, the fan of the air conditioner is stopped to 

practically put only the radiant heat exchanger in operation. 

[0047] 	The structure of the radiant heat passing portion 

is not restricted in particular as long as radiant heat (may 
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also be referred to as "emitted heat") and air can pass through. 

For example, it may be a plurality of pores 	(holes) , such as 

those formed in a perforated metal, or may be a plurality of 

thin slits. 	Also, 	the shape of the pores or slits is not 

restricted in particular and may, for example, be circular, 

elliptical, or any of various polygonal shapes, etc. 	The pores 

and slits may be connected to each other as penetrating holes 

or may be formed separately without being connected. 	Further, 

although the size of each pore or slit is not restricted in 

particular, it is preferably of a size through which, for example, 

a finger cannot pass so that a user cannot inadvertently or 

intentionally contact the heating element. 	In the present 

specification and claims, the term "radiant" may be replaced 

by "emitted." 

[ 0048 ] 	The structure of the heating element is, for example, 

a structure in which a piping for passing the refrigerant is 

arranged in a flat plate shape, or a structure in which a piping 

for passing the refrigerant is arranged in a cylindrical shape, 

etc. 	Also, the shape of the rectifying plate disposed around 

the sides of the heating element is not restricted in particular 

and is formed as suited in accordance with the structure of 

the heating element, 	for example, to a circular pipe shape, 

square pipe shape, 	flat plate shape, or curved plate shape, 

28 



etc. 

[0049] 	The 	term 	"chimney 	effect" 	in 	the 	present 

specification and claims is used to signify the effect of 

increasing the flow speed of air inside the gap by forming the 

rectifying plate to a tubular shape to cover the entirety of 

the sides of the heating element and also inclusively signify 

equivalent effects, for example, due to covering a portion of 

the sides of heating element, such as disposing the rectifying 

plates at front and rear sides of the heating element, etc. 

[0050] 	The term "art image" in the present specification 

and claims inclusively signifies, 	for example, signs 	(marks 

and signboard displays) and various designs as well as various 

artistic expressions, such as pictures, photographs, etc. 	The 

advertisement and art image are preferably planar expressions 

made by printing or handwriting, 	etc. 

[0051] 	(Actions) 

The actions of the air conditioning system according to 

the present invention will be described. 

With the radiant heat exchanger, the flow of air within 

the gaps along the heating element (inclusively signifying a 

portion of the overall circulation (convection) of indoor air 

in which the radiant heat exchanger is installed) is promoted 

by the chimney effect due to the rectifying plates. 	Also, the 
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rectifying plates have the radiant heat passing portions that 

penetrate through the inner and outer surfaces and therefore 

when air flows at a high speed inside the gaps along the heating 

element, 	the pressure inside the gaps decreases 	(based on 

Bernoulli's theory) and air is taken into the gaps from the 

radiant heat passing portions to increase the flow rate of air 

passing through the gaps at the inner sides of the rectifying 

plates and further promote the convection of indoor air. 

[0052] 	The radiant heat exchanger, while having the chimney 

effect due to the rectifying plate and the function as a cover 

that guards the user from the heat of the heating element and 

dew condensation water, can perform, together with the radiant 

heat generated by the rectifying plates being heated, efficient 

heat radiation, equivalent to or hardly differing from the case 

where the rectifying plates are not provided because the radiant 

heat radiated from the heating element is radiated directly 

to the exterior through the radiant heat passing portions. 

[0053] 	That is, the heat radiated from the heating element 

can be radiated to the indoor space efficiently and used for 

air conditioning, and uniform air conditioning of the indoor 

space can be performed and the startup of air conditioning is 

fast because of the sum effect of heat transfer due to the 

satisfactory convection of indoor air and the radiant heat as 
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described above. 	That is, the time until the air conditioning 

is put in a comfortable state is comparatively short. 	Also, 

by the convection of indoor air being satisfactory, the blowing 

amount of the fan of the indoor side heat exchanger does not 

have to be high or the fan does not have to be actuated and 

the draft sensation felt by a person can thus be reduced or 

eliminated. 

[0054] 	Also, the heat exchange by the heating element is 

performed more smoothly and efficiently because the convection 

of the indoor air is promoted further as described above by 

providing the rectifying plates with the radiant heat passing 

portions and, for example, freezing of the heating element during 

cooling and overheating during heating are made less likely 

to occur. 	The actions will now be described in detail. 

[0055] 	Firstly, when heating of an indoor space is to be 

performed, the air in the vicinity of the heating element is 

heated by conductive heat and radiant heat and a flow of air 

from a lower to higher direction is generated along the heating 

element. 	External air is thereby made to flow, for example, 

from a clearance between the radiant heat exchanger and a floor 

surface, etc., into the gaps at the inner sides of the respective 

rectifying plates and the air flow is sustained by the air being 

heated further by the heating element as it rises through the 
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respective gaps. 	Also, 	the flow rate of the flowing air is 

increased by the so-called chimney effect due to the rectifying 

plate being disposed with the gap for air flow being provided 

between the rectifying plate and the heating element. 

[0056] 	The heated air that rises through the gaps between 

the heating element and the rectifying plate is discharged to 

the exterior, for example, from a clearance between the upper 

end of the radiant heat exchanger and a ceiling surface. 	The 

discharged air is increased in flow speed by the chimney effect 

and flows along the ceiling surface to reach a position that 

is considerably separated from the radiant heat exchanger. 

Also, in accompaniment with this movement, the air undergoes 

heat exchange with the indoor air and the ceiling surface, is 

thereby cooled, and descends to move toward the floor surface. 

The air then enters the gaps from the lower portion of the radiant 

heat exchanger and rises upon being heated by the heating element. 

The indoor air ie thus circulated and convected around the entire 

indoor space while being heated by the heating element. 

[0057] 	On the other hand, a portion of the radiant heat 

emitted from the heating element passes through the respective 

radiant 	heat 	passing 	portions 	formed 	in 	the 	respective 

rectifying plates and is transferred to the indoor space at 

the outer sides of the rectifying plates. 	The proportion of 
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the radiant heat that passes through the radiant heat passing 

portion depends on the opening ratio of the radiant heat passing 

portion. 	When the radiant heat is thus transmitted to the user, 

the user can feel warmth directly. 	Also, the radiant heat is 

used effectively for warming the walls, ceiling, floor, etc., 

and the indoor air is indirectly warmed by the warmed walls, 

ceiling, 	floor, 	etc. 

[0058] 	The portion of the radiant heat that could not pass 

through 	the 	respective 	radiant 	heat 	passing 	portions 	is 

reflected by the reflecting surface at the inner surface side 

of 	each 	rectifying 	plate 	and 	further 	undergoes 	diffuse 

reflection between the heating element and the reflecting 

surfaces of the other rectifying plates. 	A portion of the 

radiant heat is thereby emitted to the indoor space through 

the respective radiant heat passing portions and a portion is 

emitted to the indoor space from upper and lower opening portions 

defined by the 	respective 	rectifying plates. 	Further, 	a 

portion heats the respective rectifying plates and raises the 

temperature of the respective rectifying plates and the radiant 

heat is emitted in outward directions from the respective 

rectifying plates to the indoor space. 

[0059] 	Thus in performing heating of an indoor space with 

the radiant heat exchanger, while the reflection and emission 
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of the radiant heat are repeated, the indoor space is heated 

satisfactorily by the radiant heat together with the heat being 

transferred by the convection of air, and the air conditioning 

of the entire indoor space can thus be performed effectively. 

This also enables the blowing amount of the fan of the indoor 

side heat exchanger of the air conditioner to be lessened or 

the fan to be stopped and consequently, the draft sensation 

felt by the user due to the blown air from the fan can be suppressed 

or the draft sensation can be eliminated. 

[0060] 	Also in performing cooling of the indoor space, 

unlike in the case of performing the heating, air is cooled 

by the heating element and although the air thus flows from 

the upper to lower direction along the heating element and the 

respective rectifying plates and the flow of the cooled air 

is substantially opposite in direction to that in the case of 

the heating, the same actions as those in the case of the heating, 

such as the ability to perform effective air conditioning of 

the entire indoor space, the ability to suppress the draft 

sensation that the user feels due to the blown air from the 

fan, 	etc., 	are provided in the case of cooling as well. 

[0061] 	Further by the arrangement of incorporating the 

heating element at the inner sides of the respective rectifying 

plates, 	direct touching of the heating element by hand is 
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prevented. 	Therefore, 	even though the heating element may 

become high in temperature during heating by the gas phase 

refrigerant, etc., the arrangement is safe for the user because 

the user cannot touch the heating element inadvertently. 	The 

arrangement is also sanitary because the user cannot touch the 

dew condensation water that condenses on the heating element 

during cooling and the clothes, etc., of the user will not be 

wetted unexpectedly by the dew condensation water. 	Further, 

an external force is hardly ever applied to the heating element 

itself and the heating element can thus be prevented from 

deforming or breaking due to pressure or impact 	from the 

exterior. 

[0062] 	The strength for resisting an external force is thus 

not required to be very high and the structure suffices to have 

a strength that can withstand at least the pressure of a fluid, 

and therefore a light material of comparatively low strength, 

etc., may be adopted as the material of the heating element, 

thereby expanding the choices of the material to be used in 

the heating element. 	The danger of injury due to hitting the 

heating element inadvertently can also be lowered. 

[0063] 	Also when a liquid phase refrigerant or a refrigerant 

gas is used, 	it becomes high in pressure and therefore a 

refrigerant pipe or precision flat pipe that is made of a material 
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of high pressure resistance and good conductivity, for example, 

a metal, such as copper or aluminum, etc., and has a high thermal 

emissivity processing applied on the surface may be used. 	The 

synthetic resin pipe and carbon fiber pipe heating elements 

are respectively comparatively lightweight and enable the 

system to be made light in weight. 

[0064] 	The 	burdens 	of material 	carry-in 	and 	assembly 

processes during installation work are thereby lightened and 

the cost of the installation work can be kept low. 	Also by 

the system being made lightweight, for example, the deforming 

stress during an earthquake, etc., is made small and the minimum 

necessary work is required for providing reinforcement, etc., 

for 	supporting 	the 	system. 	Various 	restrictions 	during 

installation are thus lightened and the risk of toppling of 

the system etc . , due to an earthquake, after installation, etc., 

is thus lowered. 	A contribution can thus be made to user safety 

as well. 

[0065] 	The air conditioning system including the radiant 

heat exchanger that provides such actions is fast in startup 

and provides the heat radiation effect in a short time because 

the radiant heat exchanger has the structure in which the 

refrigerant is passed directly to the heating element and, in 

addition, room temperature adjustment can be controlled easily 
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by making use of air conditioner control. 	A circuit arrangement 

for air temperature adjustment dedicated to the radiant heat 

exchanger is thereby made unnecessary and the cost of the system 

can be reduced. 

[0066] 	That is, for heating, the gas phase refrigerant that 

is made high in temperature and high in pressure at the compressor 

in accordance with the refrigeration cycle is first supplied 

to the radiant heat exchanger and the temperature of the heating 

element 	thus 	reaches 	the 	refrigerant 	temperature 	in 	a 

comparatively short time and radiant heat of, 	for example, 

approximately 60 °C to 80 °C that is in accordance with the surface 

temperature of the heating element is emitted. 

[0067] 	The radiant heat from the radiant heat exchanger 

can act directly on the bodily sensation of the user as mentioned 

above, and therefore by combination with the air conditioner, 

the startup of air conditioning until comfort is provided is 

quickened in comparison to the case of performing heating by 

the 	air 	conditioner 	alone. 	Also, 	by 	the 	radiant 	heat 

propagating directly to the floor, walls, ceiling, and human 

body, the user is warmed from his/her feet and can feel warm 

even 	with 	a 	low temperature 	setting, 	thereby 	enabling a 

contribution to be made to energy saving as well. 	Thereafter, 

the refrigerant in the gas phase state is delivered to the outdoor 
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machine that serves as the condenser of the air conditioner 

and the indoor machine performs heating. 

[0068] 	Also, for cooling, the liquidphase refrigerant that 

has emitted heat by being liquefied at the outdoor side heat 

exchanger 	of the 	outdoor machine 	in accordance with the 

refrigeration cycle is reduced in pressure by the expansion 

valve, and the resulting low-temperature refrigerant in the 

gas-liquid two-phase state is first supplied to the indoor 

machine of the air conditioner and the indoor machine is made 

to act as the evaporator to draw heat from air and thereby perform 

cooling. 	The refrigerant in the gas-liquid two-phase state 

is then delivered to the radiant heat exchanger and the heating 

element of the radiant heat exchanger is made to act as the 

evaporator to perform radiant cooling by radiation of cold from 

the heating element. 

[0069] 	In 	the 	cooling 	operation, 	so-called 	hybrid 

operation, in which both the air conditioner and the radiant 

heat exchanger are put in operation, for example, with the air 

conditioner being controlled with priority, 	is 	thus made 

possible to enable the slowness of startup of air conditioning 

to be improved over the conventional case where air conditioning 

is performed only with the radiant panel (radiant heat exchanger) . 

Also, the temperatures of the floor, walls, and ceiling are 
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gradually decreased by the action of the radiant heat (cold) 

thereafter and these act in synergy to the bodily sensation 

of the user to enable comfort to be obtain even when the air 

conditioner is in weak operation. 

[0070] 	Also, an improvement can be made in regard to an 

issue in the radiant cooling operation in the refrigerant cycle 

during cooling. 	That is, the air conditioning system uses the 

indoor machine of the air conditioner only as the evaporator, 

the gas-liquid two-phase refrigerant that is partially put in 

the liquid phase state by being heated by the heat of the indoor 

heat is, 	for example, at approximately 7°C to 15°C, 	and the 

heating element of the radiant heat exchanger thus does not 

freeze because the refrigerant at that temperature is passed 

to 	the 	heating 	element. 	Further, 	evaporation 	of 	the 

refrigerant is promoted by heating and the refrigerant is 

introduced into the compressor as a gas phase refrigerant that 

is raised in pressure by sufficient vaporization so that the 

load on the compressor is lightened to contribute to extending 

the life of the compressor and also contribute to energy saving. 

[0071] 	Further, windless and noiseless cooling and heating 

functions 	are 	exhibited 	by 	the 	radiant 	heat 	exchanger, 

temperature non-uniformity of the walls, floor, and ceiling 

is reduced in accordance with the promotion of convection of 
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the indoor air, 	sufficient comfort is provided even if the 

blowing amount of the fan of the indoor machine is lowered, 

and the uncomfortable draft sensation due to a high blowing 

amount from the indoor machine of the air conditioner can thus 

be suppressed. 	A contribution can thereby be made toward 

suppressing the operation of the fan of the indoor machine to 

enable the life of the motor of the fan to be extended and the 

life of the indoor machine to be extended consequently. 

[0072] 	The air conditioning system is a so-called hybrid 

type air conditioning system with which the radiant heat 

exchanger that is installed indoors is incorporated in the 

refrigerant cycle of the air conditioner, and therefore use 

of indoor temperature programs, etc., of the air conditioner 

is enabled, that is for example, operation control of the air 

conditioner with multiple functions, such as dry operation, 

a filter function or other air cleaning function or a humidifying 

function, 	etc., 	and operation control of the radiant heat 

exchanger can be performed by ordinary operation of the air 

conditioner using a remote controller. 	Further in an energy 

saving operation of low load, arrangements may be made so that 

the refrigerant passes only through the outdoor machine and 

the radiant heat exchanger without passing through the indoor 

machine of the air conditioner, and in this process, the indoor 
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machine may be used only for the function of detecting the 

temperature of the indoor air to control the outdoor machine. 

EFFECT(S) 	OF THE INVENTION 

[0073] 	The 	present 	invention 	can 	provide 	an 	air 

conditioning system combining an air conditioner and a radiant 

heat exchanger and an operation method for the air conditioning 

system such that the radiant heat exchanger has a function of 

covering a heating element and is capable of promoting convection 

of indoor air to enable startup of air conditioning until comfort 

is provided to be quickened and the indoor air to be made uniform 

in a short time to thereby enable air conditioning of an indoor 

space 	to 	be 	performed 	efficiently 	without 	applying 	an 

uncomfortable draft sensation to the human body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0074] 	[FIG. 	1] 	is a schematic explanatory diagram of a 

first embodiment of an air conditioning system according to 

the present invention. 

[FIG. 2] is a block diagram of the air conditioning system 

of FIG. 	1. 

[FIG. 3] shows the air conditioning system of FIG. 1 with 

FIG. 3A being a block diagram during heating and FIG. 313 being 

a block diagram during cooling. 

[FIG. 	4] 	shows a first embodiment of a radiant heat 
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exchanger with FIG. 4A being a front view and FIG. 4B being 

a sectional view taken along A-A in FIG. 	4A. 

	

[FIG. 	5] 	is a front explanatory view of a state where 

rectifying plates at the front side and the rear side of the 

radiant heat exchanger shown in FIG. 4 are removed. 

[FIG. 6] shows the structure of the radiant heat exchanger 

with FIG. 6A being an enlarged sectional view taken along B-B 

in FIG. 	4A, 	FIG. 	6B being an enlarged transverse section of 

a vertical pipe, and FIG. 6C being a sectional view of another 

example of piping of a heating element. 

[FIG. 7] is a schematic explanatory diagram of a second 

embodiment of an air conditioning system according to the present 

invention. 

	

[FIG. 	8] 	shows a second embodiment of a radiant heat 

exchanger with FIG. 8A being a front explanatory view with a 

rectifying plate at the front side being partially notched and 

FIG. 	8B being a sectional view taken along C-C in FIG. 	8A. 

[FIG. 	9] 	shows a third embodiment of a radiant heat 

exchanger with FIG. 9A being a front explanatory view with a 

rectifying plate at the front side being partially notched and 

FIG. 	9B being a sectional view taken along D-D in FIG. 	9A. 

[FIG. 10] 	shows a fourth embodiment of a radiant heat 

exchanger with FIG. 10A being a front explanatory view with 
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a rectifying plate at the front side being partially notched 

and FIG. 10B being a sectional view taken along E-E in FIG. 

10A. 

[FIG. 11] shows the structure of the radiant heat exchanger 

with FIG. 11A being an enlarged sectional view taken along F-F 

in FIG. 10A and FIG. 11B being an enlarged transverse section 

of a vertical pipe. 

[FIG. 	12] 	shows a fifth embodiment of a radiant heat 

exchanger that shows the flow of air in cases where ventilation 

guiding members are disposed at an upper portion and a lower 

portion of the heating element with FIG. 12Abeing an explanatory 

diagram during heating and FIG . 12B being an explanatory diagram 

during cooling. 

[FIG. 	13] 	shows another embodiment of a radiant heat 

exchanger and is an explanatory diagram of an example where 

advertisement characters are displayed on a 	surface of a 

rectifying plate. 

[FIG. 14] is a schematic explanatory diagram of a third 

embodiment of an air conditioning system according to the present 

invention. 

[FIG. 15] is a schematic explanatory diagram of a fourth 

embodiment of an air conditioning system according to the present 

invention. 
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[FIG. 16] is a schematic explanatory diagram of a fifth 

embodiment of an air conditioning system according to the present 

invention. 

[FIG. 17] is a schematic explanatory diagram of a sixth 

embodiment of an air conditioning system according to the present 

invention. 

[FIG. 18] is a graph showing changes of room temperature 

in a case where only an air conditioner of an air conditioning 

system is put in operation and in a case where the air conditioner 

and a radiant heat exchanger are put in operation simultaneously. 

[FIG. 19] is a graph showing changes of room temperature 

in a case where only a building multi air conditioner of an 

air conditioning system is put in operation and in a case where 

the building multi air conditioner and a radiant heat exchanger 

are put in operation simultaneously. 

[FIG. 20] is a graph showing changes of power consumption 

in a case where only an air conditioner of an air conditioning 

system is put in operation and in a case where the air conditioner 

and a radiant heat exchanger are put in operation simultaneously. 

[FIG. 21] is a graph showing changes of power consumption 

in a case where only a building multi air conditioner of an 

air conditioning system is put in operation and in a case where 

the building multi air conditioner and a radiant heat exchanger 
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are put in operation simultaneously. 

MODES FOR CARRYING OUT THE INVENTION 

[0075] 	The present invention will now be described in detail 

based on embodiments illustrated in the drawings. 

FIG. 1, FIG. 2, and FIG. 3 will be referenced. 	In FIG. 

1, only a heating element 1 is shown as a radiant heat exchanger 

R1 for the sake of convenience. 	In FIG. 	3, piping 92, 	92a, 

92b, and 92c, to be described below, are illustrated as the 

piping 92 and valves V1 to V6 are omitted for the sake of 

convenience of illustration. 

Among the symbols in FIG. 	1, EX1 indicates a "flow of 

refrigerant gas during a cooling operation" and EX2 indicates 

a "flow of refrigerant gas during a heating operation." 	In 

this regard, 	the same applies to FIG. 	14, 	FIG. 	15, 	FIG. 	16, 

and FIG. 17. 	Also, among the symbols in FIG. 2, EX3 indicates 

a "fan ON/OFF signal" and EX4 indicates a "valve open/close 

signal." 	Further, among the symbols in FIG. 3, EX5 indicates 

"cold air" and EX6 indicates "warm air." 

[0076] 	An 	air conditioning 	system Al 	includes 	an air 

conditioner 9, having an outdoor machine 90 and an indoor machine 

91 	that 	are 	incorporated 	in 	a 	refrigerant 	circuit 	of 	a 

refrigeration cycle, and the radiant heat exchanger R1, with 

which piping of the heating element 1 are connected to piping 
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92 and 98 that connect the outdoor machine 90 and the indoor 

machine 91. 

[0077] 	The air conditioner 9 is a 	known as a room air 

conditioner having cooling and heating functions and is used 

in a general household. 	The air conditioner 9 may be an inverter 

air conditioner that performs inverter control of a compressor 

94 	or may be 	a non-inverter air conditioner that 	is not 

inverter-controlled. 	That more efficient air conditioning can 

be performed and a contribution to energy saving can be made 

by adoption of an inverter air conditioner will be described 

later. 

[0078] 	As shown in FIG. 2 and FIG. 3, the outdoor machine 

90 of the air conditioner 9 has an outdoor side heat exchanger 

93 functioning as an evaporator or a condenser, the compressor 

94, a four-way switching valve 95, which is a flow path switching 

valve, and an expansion valve 96. 	A fan 930 is for the outdoor 

side heat exchanger 93. 

Also, 	the indoor machine 91 has an indoor side heat 

exchanger 97 that functions as the condenser when the outdoor 

side heat exchanger 93 functions as the evaporator and functions 

as the evaporator when the outdoor side heat exchanger 93 

functions as the condenser. 	A fan 970 is for the indoor side 

heat exchanger 97. 
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[0079] 	The radiant heat exchanger R1 is incorporated by 

the heating element 1, to be described below, being connected 

in the course of the second piping 92, which is connected from 

the four-way switching valve 95 to the indoor side heat exchanger 

97 and through which the refrigerant passes, and to be more 

detailed, the second piping 92, through which the refrigerant 

in a gas phase that has been made high in temperature and high 

in pressure at the compressor 94 flows to the indoor side heat 

exchanger 97 during heating 	(see FIG. 	3A). 

The piping 98, which is a first piping, is a piping that 

delivers the gas phase refrigerant that has been expanded at 

the expansion valve 96 to the indoor side heat exchanger 97 

during cooling. 	Although a single radiant heat exchanger R1 

is installed in the present embodiment, a plurality of units 

may be connected and installed in series or in parallel (see 

FIG. 	7). 

[0080] 	Also as shown in Fig. 1, one end side of the piping 

92a , which is a third piping having the other end side connected 

to a lower header pipe 11 of the heating element 1 to be described 

below, is connected to the piping 92. 	The valve V3, which is 

a third valve, is provided in the course of the piping 92a. 

One end side of the piping 92b, which is a fourth piping, is 

connected to an upper header pipe 10 of the heating element 
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1, and the other end side of the piping 92b is connected to 

a position in the course of the piping 92 that is closer to 

the indoor machine 91 than the connection portion to the piping 

92a. 	Also, the piping 92 and the piping 98 are connected by 

the piping 92c, which is a fifth piping, 	at the connection 

position of the piping 92b. 	The valve V4, which is a fourth 

valve, is provided in the course of the piping 92b, and the 

valve V5, which is a fifth valve, is provided in the course 

of the piping 92c. 

[0081] 	Also, the valve V6, which is the sixth valve, 	is 

provided between the connection portion to the piping 92a and 

the connection portion to the piping 92b in the course of the 

piping 92. 	Further, 	between the connection portion to the 

piping 92c and the indoor machine 91 in the piping 92 and the 

piping 98, the valve V1, which is the first valve, is provided 

in the piping 98 and the valve V2, which is the second valve, 

is provided in the piping 92. 

A control portion 99 has a temperature sensor S and the 

temperature sensor S is disposed at a predetermined measurement 

point in an indoor space. 	Valve opening/closing signals are 

sent from the control portion 99 to the respective valves V1, 

V2, V3, V4, V5, and V6 via respective signal paths (indicated 

by dotted lines in FIG. 	2). 	Also, 	an ON/OFF signal for the 
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fan 970 of the indoor side heat exchanger 97 is sent from the 

control portion 99 to the fan 970 via a signal path. 

[0082] 	The radiant heat exchanger R1 connected to the air 

conditioner 9 and incorporated in the air conditioning system 

Al will be described in detail. 	FIG. 4 to FIG. 6 will mainly 

be referenced. 

The radiant heat exchanger R1 includes the heating element 

1 disposed in the up/down direction 	(vertical direction), 

decorative frames 2 and 2a supporting the heating element 1, 

and front surface side 	(front side in FIG. 	4A, 	left side in 

FIG. 4B) rectifying plates 3, 3a, and 3b and rear surface side 

rectifying plates 4, 4a, and 4b that are disposed in the up/down 

direction at front and rear sides respectively of the heating 

element 1 with predetermined gaps 39 and 49 provided with respect 

to the heating element 1 as described later. 

[0083] 	The heating element 1 is fixed to the inner sides 

of the decorative frames 2 and 2a that are made of wood. 	The 

decorative frames 2 and 2a make up end members and are disposed 

in the vertical direction and parallel to each other across 

a predetermined interval in the right/left direction. 	Lower 

fixing members 20 and 21 that are L-shaped plates for fixing 

to a floor surface 5 are fixed to the inner surface sides of 

lower end portions of the decorative frames 2 and 2a. 	The 
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material of the decorative frames 2 and 2a is not restricted 

to wood and, for example, a synthetic resin or a metal, such 

as aluminum, 	etc., may be adopted instead. 

[0084] 	Also, upper fixingmembers 22 and 23 that are L-shaped 

plates for fixing to a ceiling surface 6 are fixed to the inner 

surface sides of upper end portions of the decorative frames 

2 and 2a. 	Horizontal portions (symbols omitted) of the lower 

fixing members 20 and 21 that contact the floor surface 5 are 

flush with the lower ends of the decorative frames 2 and 2a, 

and horizontal portions (symbols omitted) of the upper fixing 

members 22 and 23 that contact the ceiling surface 6 are 

positioned at positions slightly higher than the upper ends 

of the decorative frames 2 and 2a. 

[0085] 	The heating element 1, made of 	metal using aluminum, 

copper, etc., is mounted between the decorative frames 2 and 

2a with respective ends of the upper header pipe 10 being fixed 

to the inner surfaces of the decorative frames 2 and 2a by fixtures 

24 and 25. 	A reinforcing member 26 is fixed in the horizontal 

direction at an intermediate portion in the up/down direction 

between the decorative frames 2 and 2a and reinforces the 

strengths of the decorative frames 2 and 2a as frame bodies. 

The reinforcing member 26 also has a function of fixing the 

intervals between respective vertical pipes 12 as described 
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below of the heating element 1. 

[0086] 	The heating element 1 has the upper header pipe 10 

and the lower header pipe 11, which is disposed below and in 

parallel to the upper header pipe 10 across a predetermined 

interval. 	Both ends of both the upper header pipe 10 and the 

lower header pipe 11 are respectively sealed in airtight and 

liquid-tight manner. 

The height at which the upper header pipe 10 is disposed 

is set to a position slightly lower than the upper ends of the 

decorative frames 2 and 2a as shown in FIG. 5. 	Also, the height 

at which the lower header pipe 11 is disposed is set to a position 

higher than the lower ends of the decorative frames 2 and 2a. 

[0087] 	The upper header pipe 10 and the lower header pipe 

11 are connected by a plurality of vertical pipes 12 that are 

disposed in parallel to each other at predetermined intervals 

and the upper header pipe 10 and the lower header pipe 11 are 

in communication with the respective vertical pipes 12. 	As 

shown in FIG. 	6B, each vertical pipe 12 is a flat pipe made 

of metal and has a plurality of flow paths 120 running in parallel 

in the 	longitudinal 	direction 	in its 	interior. 	With the 

vertical pipe 12, a sufficient area is secured at the outer 

surface for performing heat exchange and at the same time, the 

respective flow paths 120 are finely divided as plural paths. 
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The structure is thus such that the respective flow paths 120 

are close in position to the outer surface to make possible 

heat exchange of high efficiency. 

[0088] 	A supply/discharge pipe 13, connected to the piping 

92, is connected upwardly in the vertical direction to a right 

side end portion in FIG. 5 of the upper header pipe 10. 	Also, 

a supply/discharge pipe 14, 	connected to the piping 92, 	is 

connected upwardly in the vertical direction to a left side 

end portion in FIG. 5 of the lower header pipe 11. 	Respective 

upper end portions of the supply/discharge pipes 13 and 14 extend 

to positions slightly lower than the horizontal portions of 

the upper fixing members 22 and 23, the supply/discharge pipe 

14 is connected to the piping 92a, and the supply/discharge 

pipe 13 is connected to the piping 92b. 	With this structure, 

the gas-liquid two-phase refrigerant passes from the upper side 

to the lower side during cooling and the gas phase refrigerant 

passes from the lower side to the upper side during heating 

through the respective vertical pipes 12 of the heating element 

1. 

[0089] 	A heat 	dissipation 	coating 	for 	improving 	heat 

dissipation is applied to the surfaces of the upper header pipe 

10, the lower header pipe 11, and the respective vertical pipes 

12. 	Besides this, processing or coating that contributes to 
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heat dissipation, such as knurling, alumite processing, heat 

dissipation coating, etc., may be applied to the surface of 

the heating element 1. 	Also, a coating contributing to far 

infrared ray emission or a coating having a deodorizing function, 

an antibacterial function, 	or a volatile organic compound 

adsorption-decomposition function, maybe applied. 	These may 

be 	adopted 	solitarily 	or 	a 	plurality may 	be 	adopted 	in 

combination. 	Also, slightly below the lower header pipe 11, 

a drain pan 15, which is a trough-shaped water collecting member 

that is open at the upper side, is disposed with both end portions 

fixed between the decorative frames 2 and 2a. 	A drain pipe 

16 is connected to one end side of a bottom portion of the drain 

pan 15. 	During cooling, dew condensation water that condenses 

on the surface of the heating element 1 drips onto the drain 

pan 15 and is suitably collected through the drainpipe 16 and 

treated. 

[0090] 	The rectifying plates 3, 3a, and 3b are detachably 

installed on the front surface sides of the decorative frames 

2 and 2a, and the rectifying plates 4, 4a, and 4b are detachably 

installed similarly on the rear surface sides. 	Although each 

of the rectifying plates 3, 3a, and 3b and rectifying plates 

4, 4a, and 4b has, for example, a structure that is installed 

by latching a plurality of grooves, formed at bent portions 
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at edge portions of both sides, to pins formed at inner surfaces 

at the front surface side and the rear surface side of the 

decorative frames 2 and 2a, other known attachment means may 

also be adopted. 

[0091] 	The rectifyingplates 3, 3a, and3bandthe rectifying 

plates 4, 4a, and 4b are respectively mounted in three vertical 

stages as a single set, and each set as a whole has a rectangular 

shape with a size capable of covering substantially the entire 

total width and total height between the decorative frames 2 

and 2a. 	The gaps 39 and 49, through which air flows, are formed 

between the heating element 1 and the rectifying plates 3, 3a, 

and 3b and between the heating element 1 and the rectifying 

plates 4, 4a, and 4b. 	The rectifying plates 3b and 4b at the 

lowermost portions are formed to be smaller than the other 

rectifying plates 3, 3a, 4, and 4a and maintenance of the drain 

pan 15 can be performed by removing these. 

[0092] 	Also, the rectifying plates 3, 3a, and 3b and the 

rectifying plates 4, 	4a, 	and 4b are perforated metals 	(or 

perforated boards) made of aluminum and having pluralities of 

radiant heat passing pores 30 and 40 	(see FIG. 8), which are 

radiant heat passing portions penetrating through front and 

rear surfaces, formed over the entire surfaces with the exception 

of a portion of the peripheral edge portions. 	The inner surfaces 
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of the rectifying plates 3, 3a, and 3b and the rectifying plates 

4, 	4a, and 4b are arranged as reflecting surfaces 31 and 41 

that reflect radiant heat. 	The opening ratio of the respective 

radiant heat passing pores 30 of the rectifying plates 3, 3a, 

and 3b and the respective radiant heat passing pores 40 of the 

rectifying plates 4, 4a, and 4b is set to 50% in the present 

embodiment. 

[0093] 	The radiant heat passing pores may, for example, 

be formed only in the rectifying plates 3, 3a, and 3b at one 

side and not be formed in the rectifying plates 4, 4a, and 4b 

at the other side or may be formed only in suitable rectifying 

plates among the rectifying plates 3, 3a, 3b, 4, 	4a, and 4b. 

In the former case, the radiant heat from the rectifying 

plates 3, 3a, and 3b can be made stronger than that from the 

rectifying plates 4, 4a, and 4b so that even when the radiant 

heat 	exchanger R1 	is positioned near 	a wall 	surface, 	the 

influence of heat on the wall surface can be reduced by making 

the rectifying plates 4, 4a, and 4b, which are weaker in radiant 

heat, 	face the wall. 

[0094] 	The 	configurations, 	numbers, 	pore 	shapes, 	and 

opening ratios of the radiant heat passing pores 30 and 40 are 

not restricted in particular and may be set as suited according 

to diverse designs. 	In the present embodiment, fine unevenness 
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is formed by applying embossing to the reflecting surfaces 31 

and 41 to promote diffuse reflection of radiant heat. 	Also, 

the rectifying plates 3a and 3b and the rectifying plates 4a 

and 4b are formed of aluminum and are thus made excellent in 

heat transfer effect to further improve the efficiency of heat 

exchange with air. 

[0095] 	Also, purification of indoor air can be achieved, 

for example, by applying a coating having a deodorizing function, 

an antibacterial function, or a volatile organic compound (VOC) 

adsorption-decomposition function, etc., to the inner surfaces 

of the rectifying plates 3b and 4b that are close to the drain 

pan 15. 	Such coating may also be applied to other portions 

of the radiant heat exchanger R1, such as the surfaces of the 

heating element 1, 	the rectifying plates 3 and 3a, 	and the 

rectifying plates 4 and 4a. 

[0096] 	The entirety of the rectifying plates 3, 	3a, and 

3b and the entirety of rectifying plates 4, 	4a, and 4b have 

peripheral edge portions extending beyond the peripheral edges 

of the heating element 1 and have areas greater than the heating 

element 1 in front view and rear view. 	The upper ends of the 

rectifying plate 3 and the rectifying plate 4 are set to be 

flush with the upper ends of the decorative frames 2 and 2a, 

and the lower ends of the rectifying plate 3b and the rectifying 
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plate 4b are set at positions slightly higher than the lower 

ends of the decorative frames 2 and 2a. 

[0097] 	The front surface side rectifying plates 3, 3a, and 

3b, the rear surface side rectifying plates 4, 4a, and 4b, and 

the decorative frames 2 and 2a at the respective end sides in 

the width direction are made integral to form a somewhat flat 

rectangular tube having an upper opening portion 27 at an upper 

end portion and a lower opening portion 28 at a lower end portion. 

By the structural body surrounding the heating element 1 being 

arranged as a tube, the structure is improved in the chimney 

effect that promotes the convection of indoor air. 

[0098] 	By setting the sizes and mounting positions of the 

rectifying plates 3, 3a, and 3b and the rectifying plates 4, 

4a, and 4b as described above, lower clearances 50 are formed 

between the floor surface 5 and the lower ends of the rectifying 

plate 3b and rectifying plate 4b and upper clearances 60 are 

formed between the ceiling surface 6 and the upper ends of the 

rectifying plate 3 and the rectifying plate 4 when the radiant 

heat exchanger R1 is fixed to the floor surface 5 and the ceiling 

surface 6 as shown in FIGS. 	4A and 4B. 

[0099] 	(Actions) 

Actions of the air conditioning system Al including the 

radiant heat exchanger R1 will be described with reference to 
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FIG. 	1 to 	FIG. 	6. 

[0100] 	With the air conditioning systemAl, when the outdoor 

machine 90 is to be put in operation together with the indoor 

machine 91 and the radiant heat exchanger R1, the valves V5 

and V6 are closed and the other valves V1, V2, V3, and V4 are 

opened by control by the control portion 99. 

Also, to stop the operation of the indoor machine 91 and 

put the radiant heat exchanger R1 in operation, the valves V1, 

V2, and V6 are closed and the other valves V3, V4, and V5 are 

opened. 

Further by closing the valves V3, V4, and V5 and opening 

the other valves V1, V2, and V6, the operation of the radiant 

heat exchanger R1 can be stopped and only the indoor machine 

91 can be put in operation. 	Also, operations of the respective 

valves V1 to V6 may be performed by automatic control by the 

control portion 99 or may be performed manually. 

Other variations of the piping and valve arrangement as 

an operation mode switching means will be described later. 

[0101] 	(Actions of the radiant heat exchanger R1) 

The radiant heat exchanger R1 of the air conditioning 

system Al is installed indoors at a position slightly separated 

from a wall surface 8 by being fixed to the floor surface 5 

by the lower fixing members 20 and 21 and to the ceiling surface 
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6 by the upper fixing members 22 and 23. 

The supply/discharge pipe 14 and the supply/discharge 

pipe 13 of the heating element 1 of the radiant heat exchanger 

R1 are connected to the piping 92a and 92b that lead to the 

piping 92 as shown in FIG. 	1. 

[0102] 	To perform heating of an indoor space by the radiant 

heat 	exchanger R1, 	the heating element 	1 	is heated by a 

high-temperature gas phase refrigerant being supplied from the 

supply/discharge pipe 14 to the heating element 1. 	In this 

process, the gas phase refrigerant passes from the lower sides 

to the upper sides of the respective vertical pipes 12 	(see 

FIG. 5), and the heat exchange efficiency is high and effective 

heating can be performed because the air near the floor surface 

5 at the lower side of the indoor space, which is lower in 

temperature and large in temperature difference with respect 

to the upper 	side, 	is heated first. 	Also, 	the 	gas phase 

refrigerant is guided by the respective vertical pipes 12 

branching from the lower header 11 and moves upward while 

condensing 	and 	dissipating 	heat. 	In 	this 	process, 	the 

refrigerant is in the gas phase and the refrigerant can thus 

move upward smoothly because gravity hardly acts on it. 

[0103] 	The heat exchange with air due to heat dissipation 

of the heating element 1 is also performed with high efficiency 
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and the 	refrigerant 	changes 	partially to 	a 	liquid phase 

refrigerant 	due to 	condensation and becomes 	a gas-liquid 

two-phase refrigerant that is guided into the indoor machine 

91. 	The refrigerant is condensed further and dissipates heat 

at the indoor side heat exchanger 97 of the indoor machine 91 

and then the refrigerant is guided to the outdoor side heat 

exchanger 93 of the outdoor machine 90. 

The air in the vicinity of the heating element 1 is thus 

heated by radiant heat and a flow of air from the lower to upper 

direction forms along the heating element 1. 	In the following 

description of the flow of air, 	the FIG. 	12A below will be 

referenced for the sake of convenience. 

[0104] 	Air from the exterior is thereby made to flow in 

from the clearance 50 at the floor surface 5 side and through 

the lower opening portion 28 between the rectifying plate 3b 

and the rectifying plate 4b. 	The air that flows in is heated 

further by the heating element 1 while rising through the 

respective gaps 39 and 49 at the inner sides of the rectifying 

plates 3, 3a, and 3b and the rectifying plates 4, 4a, and 4b, 

and a flow of air in the upward direction is thereby sustained. 

Also, flat rectangular tubes are formed at the front surface 

side and the rear surface side of the heating element 1 by the 

rectifying plates 3, 3a, and 3b, the rectifying plates 4, 4a, 
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and 4b, and the decorative frames 2 and 2a and by the resulting 

chimney 	effect, 	a 	flow 	rate 	sufficient 	for 	satisfactory 

convection of the indoor air is secured. 

[0105] 	The heated air that rises through the respective 

gaps 39 and 49 passes through the upper opening portion 27 between 

the rectifying plate 3 and the rectifying plate 4 	and is 

discharged to the exterior from the upper clearance 60 at the 

ceiling surface 6 side. 	The discharged air is increased in 

flow speed by the chimney effect and flows along the ceiling 

surface 6 to reach a position that is considerably separated 

from the radiant heat exchanger Rl. 	Also in accordance with 

this movement, the air undergoes heat exchange with the indoor 

air, is cooled thereby and made to descend and move toward the 

floor surface 5, enters into the radiant heat exchanger Al again 

from the lower portion, and rises upon being heated by the heating 

element 1. 	The indoor air is thus circulated around the entire 

indoor space while being heated by the heating element 1 and 

the convection is promoted. 

[0106] 	Meanwhile, a portion of the radiant heat radiated 

from the heating element 1 	(in the present embodiment, the 

opening ratios of the radiant heat passing pores 30 and 40 are 

50% and the proportion of radiant heat that passes through is 

thus considered to be approximately 50% of the entire radiant 
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heat in consideration of the heat passing through the lower 

opening portion 28 and the upper opening portion 27) passes 

through the respective radiant heat passing pores 30 and 40 

formed in the rectifying plates 3, 3a, and 3b and the rectifying 

plates 4, 4a, and 4b and is emitted to the indoor space. 	The 

radiant heat is thus used directly and effectively to raise 

the temperature of the indoor air. 

[0107] 	Also, a portion of the radiant heat radiated from 

the heating element 1 that could not pass through the respective 

radiant heat passing pores 	30 and 40 	is reflected by the 

reflecting surfaces 31 and 41 at the inner surface sides of 

the rectifying plates 3, 3a, and 3b and the rectifying plates 

4, 4a, and 4b and further, diffuse reflection occurs between 

the heating element 1 and the reflecting surfaces 31 and 41 

of the other opposing rectifying plates. 	A portion of the 

radiant heat is thus emitted to the indoor space through the 

respective radiant heat passing pores 30 and 40 and a portion 

is emitted to the indoor space from the lower opening portion 

28 and the upper opening portion 27 between the rectifying plates 

3, 3a, and 3b and the rectifying plates 4, 4a, and 4b. 	Further, 

a portion heats the rectifying plates 3, 3a, and 3b and the 

rectifying plates 4, 4a, and 4b and raises the temperature of 

the rectifying plates 3, 3a, and 3b and the rectifying plates 
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4, 4a, and 4b and radiant heat in outward directions from the 

respective rectifying plates is emitted to the indoor space. 

[0108] 	Also, in performing cooling of the indoor space by 

theradiantheatexchangerRI, the thermal efficiency is better 

when the refrigerant is introduced from the upper side and passed 

to the lower side of the piping of the heating element 1 because 

ordinarily, the temperature is high and the heat energy for 

revaporization is greater near the ceiling 6 at the upper side. 

In the parallel type piping such as that of the heating element 

1, the gas-liquidtwo-phase refrigerant is guidedbythe vertical 

pipes 12 branching from the upper header 10 and undergoes 

efficient heat exchange in the process of moving downward in 

the vertical pipes 12 by absorbing heat and also being acted 

on by gravity to change to a gas phase refrigerant, and the 

gas phase refrigerant is guided to the outdoor machine 90. 

Although in the cooling process, the flow of air that 

is generated by the radiant heat exchanger R1 is opposite in 

direction to that generated during heating as described above, 

actions besides this are generally the same as those during 

heating. 

[0109] 	As described above, with the radiant heat exchanger 

R1 according to the present embodiment, satisfactory convection 

of indoor air can be performed while reflection and emission 
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of radiant heat are repeated as described above, and the indoor 

space is thus heated or cooled satisfactorily by the heat and 

the radiant heat transferred by the convection of air to enable 

air conditioning of the entire indoor space to be performed 

efficiently and effectively. 

[0110] 	(Actions of the air conditioning system Al) 

The actions of the air conditioning systemAl that includes 

the radiant heat exchanger R1, which provides the actions and 

functionality described above, are as follows. 

Firstly in the heating process, the gas phase refrigerant, 

which is made high in temperature (for example, approximately 

60 to 80 °C) and high in pressure at the compressor 94 in accordance 

with the refrigeration cycle, is passed through the four-way 

selector valve 95 and supplied to the radiant heat exchanger 

R1 first. 	The temperature of the heating element 1 is thereby 

made 	to 	reach 	the 	temperature 	of 	the 	refrigerant 	in 	a 

comparatively short time and the radiant heat exchanger R1 emits 

radiant heat in accordance with the surface temperature of the 

heating element 1. 

[0111] 	The radiant heat from the radiant heat exchanger 

R1 can act directly on the bodily sensation of a user and this 

together with the above-described promotion of convection of 

the indoor air by the radiant heat exchanger R1 causes the startup 
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of air conditioning until comfort is provided to be quickened 

in comparison to the case of performing heating with the air 

conditioner 9 alone. 	Also, by the radiant heat propagating 

along the floor surface 5, the wall surface 8, and the ceiling 

surface 6 or directly to the human body, warmth can be obtained 

from the feet side so that warmth can be felt even if a low 

temperature is set by adjustment of the air conditioner 9 and 

consequently, 	energy saving is achieved. 

[0112] 	The gas phase refrigerant that has passed through 

the 	radiant 	heat 	exchanger 	R1 	is 	delivered, 	as 	the 

high-temperature, high-pressure gas phase refrigerant that has 

been lowered by approximately 5 to 10°C in temperature by heat 

dissipation, to the indoor machine 91 acting as the condenser 

and the indoor machine 91 performs heat exchange with the indoor 

air by means of the indoor side heat exchanger 97 and performs 

heating by condensation and heat dissipation of the refrigerant. 

[0113] 	Also, 	in the cooling process, 	the refrigeration 

cycle that is opposite that in the heating process is set by 

switching of the four-way selector valve 95. 	That is, the liquid 

phase refrigerant that has been liquefied and has emitted heat 

at the outdoor side heat exchanger 93 of the outdoor machine 

90 is reduced in pressure and expanded by the expansion valve 

96 and the resulting refrigerant in the gas-liquid two-phase 
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state of low temperature is supplied to the indoor machine 91 

of the air conditioner 9, and the indoor machine 91 is made 

to act as the evaporator to draw heat from the indoor air and 

thereby perform cooling. 	The refrigerant in the gas-liquid 

two-phase state is then delivered from the indoor machine 91 

to the radiant heat exchanger R1, and the radiant heat exchanger 

R1 is made to act as the evaporator to revaporize the refrigerant 

and thereby draw the heat of the indoor air and perform radiant 

cooling by radiation of cold from the heating element 1. 

[0114] 	By 	revaporization 	of 	the 	refrigerant 	by 	heat 

exchange with the indoor air by the radiant heat exchanger R1, 

the temperature of the heating element 1 is lowered further. 

Also, although the refrigerant is vaporized completely and the 

refrigerant 	of 	increased pressure 	is 	introduced into the 

compressor 	94 	to be 	compressed 	further, 	the 	load on the 

compressor 94 is comparatively light because the pressure of 

the gas phase refrigerant is already high. 	By then delivering 

the refrigerant as the gas phase refrigerant of high temperature 

and high pressure to the outdoor side heat exchanger 93 acting 

as the condenser, condensation can be performed efficiently 

even at a lower temperature and even while reducing the load 

on the compressor as described above so that the efficiency 

of the air conditioner 9 as a heat pump is increased and energy 
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saving is achieved. 

[0115] 	Also at the compressor 94, by drawing in the gas 

phase refrigerant of low temperature and low pressure that has 

been promoted in vaporization, the load on the compressor 94 

is lightened and energy saving is achieved in regard to this 

point as well. 	To put it shortly, the air conditioning system 

Al puts the heat energy that was conventionally wasted without 

being used in air conditioning to effective use by adoption 

of the radiant heat exchanger R1 to improve the efficiency of 

the air conditioner 9 as a heat pump. 

[0116] 	That is, the temperature of the indoor air can be 

lowered by using and consuming the heat energy of the indoor 

space to achieve phase change of the refrigerant, and it has 

thus become possible to use the unused energy of the gas-liquid 

two-phase refrigerant that was conventionally returned to the 

compressor 94 with latent heat energy remaining and improve 

the efficiency correspondingly. 	Further, by the gas-liquid 

two-phase refrigerant evaporating and revaporizing at the 

radiant heat exchanger R1, the refrigerant is turned into a 

low-temperature gas before being supplied to the compressor 

94 and is thus supplied in the state of increased pressure to 

aid the operation of the compressor 94 and, at the same time, 

suppress reverse flow of the liquid phase of the refrigerant 
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to enable elongation of the life of the compressor 94. 	Also, 

a gas-liquid separator (accumulator) can be made small in volume 

and compact in size. 

[0117] 	Also in the cooling operation, 	so-called hybrid 

operation, 	with which the air conditioner 9 among the air 

conditioner 9 and the radiant heat exchanger R1 is put in 

operation with priority, is made possible to improve on the 

conventional slowness of startup of air conditioning by the 

radiation panel. 	Also, the temperatures of the floor surface 

5, wall surface 8, and ceiling surface 6 are gradually decreased 

by the subsequent action of the radiant heat 	(cold) and the 

radiant heat from these acts in synergy on the bodily sensation 

of the user to enable comfort to be provided even when the air 

conditioner 9 is put in a weak operation state. 

[0118] 	In regard to the operation of the air conditioning 

system Al, besides the respective operation modes mentioned 

above, that is, 	(1) the mode of putting the air conditioner 

9 and the radiant heat exchanger R1 in operation at the same 

time, 	(2) the mode of stopping the operation of the radiant 

heat exchanger R1 and putting only the air conditioner 9 in 

operation, and (3) the mode of stopping the operation of the 

air conditioner 9 and putting only the radiant heat exchanger 

R1 in operation, there is also a method, in regard to the mode 
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of putting only the radiant heat exchanger R1 in operation, 

of (4) stopping (turning off) the fan 970 at the indoor machine 

91 side of the air conditioner 9 in the state where the air 

conditioner 9 and the radiant heat exchanger R1 are in operation. 

[0119] 	The operation state and actions of the air conditioning 

system Al in the case of 	(4) 	above will be described. 

In the air conditioning system Al, the valves V5 and V6 

are closed and the other valves V1, V2, V3, and V4 are opened 

by control by the control portion 99 and hybrid operation, in 

which the air conditioner 9 and the radiant heat exchanger R1 

are put in operation at the same time, is performed. 	When the 

air conditioning of the indoor space is up and running and the 

room temperature reaches the set temperature, the fan 970 at 

the indoor machine 91 side is stopped. 

[0120] 	Ina case where air conditioning is to be performed 

with only the air conditioner, when the room temperature reaches 

the set temperature during cooling, energy saving operation 

is performed using the refrigeration cycle and the fan to 

maintain the set temperature, and ultimately the fan is stopped 

and further, the refrigeration cycle is also stopped. 	That 

is, when the fan is stopped, the indoor side heat exchanger 

can no longer function as the evaporator and the refrigeration 

cycle must inevitably be stopped. 
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[0121] 	If, in order to maintain the set temperature, blowing 

by the fan is performed with the refrigeration cycle stopped, 

the blown air becomes high in humidity and uncomfortable due 

to the influence of the moisture condensed as dew on the 

evaporator and applies an adverse effect on the cooled indoor 

air. 	Also, 	with the operation in which the operation and 

stoppage of the fan and the refrigeration cycle are repeated, 

startup of the refrigeration cycle, 	which is high in power 

consumption, is repeated and a large amount of energy is consumed 

wastefully. 

[0122] 	In contrast, with the air conditioning system Al, 

the radiant heat exchanger R1, which is non-powered, acts as 

the evaporator during cooling even when the fan 970 of the indoor 

machine 91 is stopped and the refrigeration cycle can thus be 

maintained. 	The air conditioning system Al can thus put 

practically only the radiant heat exchanger R1 in operation 

to perform energy saving operation that maintains comfort. 

[0123] 	Also, by stoppage of the fan 970, quietness without 

motor noise and wind noise can be obtained, and an uncomfortable 

draft sensation and overcooling due to air blowing (cold air) 

by the air conditioner 9 can also be prevented. 

Further, as mentioned above, the temperatures of the floor, 

wall, ceiling, human body, equipment, etc., are lowered by heat 
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transfer by the radiant heat from the radiant heat exchanger 

R1 and non-uniformity of temperature in the vertical direction 

of the indoor space is thus lessened to provide improved comfort. 

[0124] 	Radiant heat acts directly on the bodily sensation 

and enables a cooler sensation to be felt even at the same room 

temperature. 	Also, the blowing of the air conditioner 9 can 

be stopped as mentioned above and therefore by performing such 

control, the power consumption can be reduced to contribute 

to energy saving. 	Further, dehumidification of the indoor air 

can be performed by the cooling action of the heating element 

1 to lower the humidity and thereby provide comfort. 

[0125] 	In the case where air conditioning is performed with 

only the air conditioner, when the room temperature reaches 

the set temperature during heating, energy saving operation 

is performed using the refrigeration cycle and the fan to 

maintain the set temperature, and ultimately the fan is stopped 

and further, the refrigeration cycle is also stopped. 	That 

is, when the fan is stopped, the indoor side heat exchanger 

can no longer function as the condenser and the refrigeration 

cycle must inevitably be stopped. 

[0126] 	If, in order to maintain the set temperature, blowing 

by the fan is performed with the refrigeration cycle stopped, 

the blown air becomes a wind of 	low 	temperature with an 
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uncomfortable draft sensation and applies an adverse effect 

on the heated indoor air. 	Also, with the operation in which 

the operation and stoppage of the fan and the refrigeration 

cycle are repeated, startup of the refrigeration cycle, which 

is high in power consumption, is repeated and a large amount 

of energy is consumed wastefully as in the case of cooling 

described above. 

[0127] 	In contrast, with the air conditioning system Al, 

the radiant heat exchanger R1, which is non-powered, acts as 

the condenser during heating even when the fan 970 of the indoor 

machine 91 is stopped and the refrigeration cycle can thus be 

maintained. 	The air conditioning system Al 	can thus put 

practically only the radiant heat exchanger R1 in operation 

to perform energy saving operation that maintains comfort. 

[0128] 	Also, by stoppage of the fan 970, quietness without 

motor noise and wind noise can be obtained, and an uncomfortable 

draft sensation and overcooling due to air blowing (warm air) 

by the air conditioner 9 can also be prevented. 

Further, as in the case of cooling described above, the 

temperatures of the floor, wall, ceiling, human body, equipment, 

etc., are raised by heat transfer by the radiant heat from the 

radiant heat exchanger R1 and non-uniformity of temperature 

in the vertical direction of the indoor space is thus lessened 
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to provide improved comfort. 	Radiant heat acts directly on 

the bodily sensation and enables a warmer sensation to be felt 

even at the same room temperature. 

Such control of performing hybrid operation by putting 

the air conditioner and the radiant heat exchanger in operation 

at the same time and then stopping the fan of the air conditioner 

from that state to practically put only the radiant heat 

exchanger in operation may be performed similarly with air 

conditioning systems A2, A3, A4, A5, and A6 to be described 

later. 

[0129] 	Also 	in 	regard 	to 	the 	operation 	of 	the 	air 

conditioning system Al, evaluation of PMV was performed for 

the respective cases of performing cooling and heating by just 

the air conditioner 9 and performing cooling and heating by 

the air conditioner 9 and the radiant heat exchanger Al. 	PMV 

(predicted 	mean 	vote) 	refers 	to 	the 	predicted 	mean 	of 

declarations of thermal sensation and is a theory presented 

by Professor Fanger of Technical University of Denmark and is 

an index of the thermal sensation felt by a human being. 	By 

calculating the 	PMV value, 	the 	degree 	of 	comfort 	can be 

determined with respect to a combination of six factors (air 

temperature, mean radiation temperature, wind speed, relative 

humidity, amount of clothing, and metabolic rate) related to 

73 



the temperature environment. 

[0130] 	The calculation formula for PMV is as follows. 

PMV = 	(0.303e-0.036M+0.028) 	x(M-W-Ed-Es-Ere-Cre-R-C) 

M: metabolic rate 	(W/m2) 	Ere: 	latent heat loss due to 

respiration 	(W/m2) 

W: mechanical workload (W/m2) Cre: sensible heat loss due 

to respiration 	(W/m2) 

Ed: insensible water loss (W/m2) R: radiative heat loss 

(w/m2)  

Es: evaporative heat loss from the skin surface 	(w/m2) 

C: 	convective heat loss 	(W/m2) 

The following states were assumed: 

Summer 0.6 	(short sleeve) 	and 1.1 	(chair sitting) 	and 

Winter 1.0 	(suit) 	and 1.1 	(chair sitting) 

(Conditions) 

Air conditioner cooling (room temperature: 24.2°C; globe 

temperature: 	27°C; 	wind speed: 	0.10m/s; 	humidity: 	52.8%) 

Air conditioner + radiant cooling 	(room temperature: 

24.2°C; globe temperature: 26°C; wind speed: 0 . 10m/s; humidity: 

51.6%) 

Air conditioner heating (room temperature: 30.6°C; globe 

temperature: 	31°C; 	wind speed: 	0.10m/s; 	humidity: 	40.0%) 

Air conditioner + radiant heating 	(room temperature: 
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30.6°C; 	globe 	temperature: 	31.8°C; 	wind 	speed: 	0.10m/s; 

humidity: 	41.9%) 

[0131] 	The PMV evaluation is expressed by a numerical value 

from -3 to +3, with a PMV value of ±0 indicating a neutral state, 

a higher numerical value indicating a warmer or hotter sensation 

evaluation, and a lower numerical value indicating a cooler 

or colder sensation. 

As indices, 	-3: 	cold; 	-2: 	cool; 	-1: 	slightly cool; ±0: 

neither cool nor warm; 	1: 	slightly warm; 	2: warm; 	3: 	hot. 

[0132] 	(Results for cooling) 

Cooling by just the air conditioner ... PMV=0.25 

Cooling by the air conditioner and the radiant heat 

exchanger ... PMV=0.09 

The results were such that the numerical value is lower 

and coolness is felt more when the air conditioner 9 and the 

radiant heat exchanger R1 are put in linked operation than when 

the air conditioner is put in operation alone. 

Cold radiation (heat absorbing action) of the radiant 

heat 	exchanger 	R1 	and 	the 	lowering 	of 	humidity 	by 	the 

dehumidification action during cooling are considered to be 

the main reasons for the above results. 	That is, in addition 

to the cold radiation action of the radiant heat exchanger R1, 

the humidity is lowered because the moisture that condensed 
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as dew on the surface of the heating element 1 due to heat exchange 

by the flow of air is collected in the drain pan 15 and the 

moisture is discharged outdoors, and it is considered that the 

two actions combine to provide improved comfort. 

[0133] 	(Results for heating) 

Heating by just the air conditioner ... PMV=1.99 

Heating by the air conditioner and the radiant heat 

exchanger ... PMV=2.10 

The results were such that the numerical value is higher 

and warmness is felt more when the radiant heat exchanger is 

put in linked operation than when the air conditioner is put 

in operation alone. 

[0134] 	Also during cooling, the indoor machine 91 of the 

air conditioner 9 is used as the evaporator, the refrigerant 

that is heated by the heat of the indoor air and is partially 

put in the liquid phase (gas-liquid two-phase state) is, for 

example, approximately 7°C to 15°C, and the heating element 

1 of the radiant heat exchanger R1 does not freeze because this 

refrigerant is passed through the heating element 1. 	Further, 

evaporation of the refrigerant is promoted by the heating by 

the heating element 1 of the radiant heat exchanger R1 and 

sufficient vaporization is performed so that the load on the 

compressor 94 is lightened to enable a contribution to be made 
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toward elongating the life of the compressor 94 and also achieve 

energy saving. 

[0135] 	With the air conditioning system Al, in accordance 

with the exhibition of the windless, noiseless radiant cooling 

and heating functions provided by the radiant heat exchanger 

R1, temperature non-uniformity of the floor surface 5, wall 

surface 8, and ceiling surface 6 is reduced, adequate comfort 

is provided even when the blowing amount of the indoor machine 

91 is lowered, and an uncomfortable draft due to a high blowing 

amount from the indoor machine 91 can thus be suppressed. 	It 

thereby becomes possible to suppress the operation of the fan 

970 of the indoor side heat exchanger 97 at the indoor machine 

91 side to enable elongation of the life of the motor of the 

fan 970 and consequently enable elongation of the life of the 

indoor machine 91. 

[0136] 	FIG. 	7 will be referenced. 

The air conditioning system A2 includes a multi air 

conditioner 9a that is widely used in stores, etc., and two 

radiant heat exchangers Rl. 	The multi air conditioner 9a has 

an outdoor machine 90a and two indoor machines 91a and 91b that 

are connected in parallel to the outdoor machine 	90a and 

installed in respective indoor spaces. 	Also, 	as with the 

radiant heat exchanger R1 of the air conditioning system Al, 
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the respective radiant heat exchangers R1 are installed between 

the floor 5 and the ceiling 6. 

[0137] 	Also, 	although with the present embodiment, 	one 

radiant heat exchanger is installed per one indoor machine, 

a plurality of radiant heat exchangers may be connected and 

installed in series or in parallel per one indoor machine instead. 

Although the air conditioning system A2 differs from the air 

conditioning system Al in having two units each of the indoor 

machine and radiant heat exchanger, that is, the indoor machines 

91a and 91b and the radiant heat exchangers R1, the structures 

of each of the indoor machines 91a and 91b, each of the radiant 

heat exchangers R1, and the connecting piping 92a, 	92b, and 

92c and the respective valves Vl to V6 in each indoor space 

are the same as those in the air conditioning system Al and 

description of the structures will thus be omitted. 

[0138] 	Also, 	although with the present embodiment, 	one 

radiant heat exchanger is installed per one indoor machine, 

a plurality of radiant heat exchangers may be connected and 

installed in series or in parallel per one indoor machine 

instead. 

Although the air conditioning system A2 differs from the 

air conditioning system Al in having two units respectively 

of the indoor machines 91a and 91b and the radiant heat exchangers 
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R1, the operation method and actions of the indoor machine 91a 

and radiant heat exchanger R1 and the indoor machine 91b and 

the radiant heat exchanger R1 in the respective indoor spaces 

are substantially the same as those of the indoor machine 91 

and the radiant heat exchanger R1 in the air conditioning system 

Al and description of the operation method and actions will 

thus be omitted. 

[0139] 	FIG. 	8 will be referenced. 

The radiant heat exchanger R1 may be substituted by a 

radiant heat exchanger R2 shown in FIG. 	8. 

The radiant heat exchanger R2 has substantially the same 

structure as the radiant heat exchanger R1 with the exception 

that heating elements la and lb, each with a serial type piping, 

differ in structure from the heating element 1 with the parallel 

type piping of the radiant heat exchanger Rl. 	In FIGS. 8A and 

8B, portions that are equivalent to those of the radiant heat 

exchanger R1 are provided with the same symbols and structural 

description of these portions will be omitted. 

[0140] 	The heating elements la and lb are provided in 

parallel at the front surface side and the rear surface side 

of the radiant heat exchanger R2 with a slight interval in between 

and are mutually the same in structure. 	A suspending beam member 

19 is installed at upper end portions of the decorative frames 
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2a and 2b. 	The heating elements la and lb are corrugated pipes, 

each formed of the same flat pipe as the vertical pipe 12 and 

having a plurality of U-shaped fold-back portions 	(symbol 

omitted) 	at the same heights at the upper and lower ends 

respectively. 

Each of the vertical pipes 12 of the heating element 1 

and the corrugated piping of the heating elements la and lb 

maybe formed of a pipe body 12a (see FIG. 6C) having a plurality 

of stria portions 121 running in parallel in the longitudinal 

direction on the inner surface or of a pipe body without stria 

portions formed therein. 

[0141] 	With each of the heating elements la and lb, 	the 

fold-back portions at the upper side are suspended by the 

suspending beam member 19 via a plurality of suspending members 

190. 	Both end sides of the corrugated piping of each of the 

heating elements la and lb respectively penetrate through the 

suspending beam member 19 and the supply/discharge pipes 13 

and 14 are connected to the respective tip portions. 	The 

supply/discharge pipes 14 and 13 are connected to the piping 

92a and 92b. 

[0142] 	Also, although each of the heating elements la and 

lb has the corrugated pipe arrangement described above and 

therefore, unlike the heating element 1 with the parallel piping 
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arrangement, 	do 	not 	have 	the 	advantage 	of providing 	the 

above-described 	effects 	of 	passing 	the 	high-temperature, 

high-pressure gas phase refrigerant from the lower side to the 

upper 	side 	of the piping during heating and passing the 

gas-liquid two-phase refrigerant from the upper side to the 

lower side of the piping during cooling, the refrigerant may 

be passed from one of either of the upper and lower sides to 

the other side and the degree of freedom of the piping is thus 

high. 

[0143] 	Also, in the process in which the refrigerant moves 

up and down repeatedly inside the piping, the downward movement 

of the gas-liquid two-phase refrigerant by the action of gravity 

and the upward movement of the gas phase refrigerant in the 

state 	that 	is 	hardly influenced by gravity 	are 	repeated 

alternately so that the refrigerant flows smoothly and heat 

exchange as the evaporator is also performed smoothly. 

The form of the corrugated pipe is not restricted to that 

with which the direction of flow of the refrigerant is the up/down 

direction, and a corrugated pipe, to be described next, with 

which the direction of flow of the refrigerant is the horizontal 

direction may be adopted instead. 

[0144] 	FIG. 	9 will be referenced. 

The radiant heat exchanger R1 may be substituted by a 
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radiant heat exchanger R3 shown in FIG. 	9. 

The radiant heat exchanger R3 has substantially the same 

structure as the radiant heat exchanger R1 with the exception 

that a heating element lc, with which the piping is a corrugated 

pipe with the refrigerant flow direction being the horizontal 

direction, differs in structure from the heating element 1 with 

the parallel type piping of the radiant heat exchanger Rl. 	In 

FIGS. 9A and 9B, portions that are equivalent to those of the 

radiant heat exchanger R1 are provided with the same symbols 

and structural description of these portions will be omitted. 

[0145] 	The heating element lc is a corrugated pipe, formed 

of the same flat pipe as the vertical pipe 12 of the heating 

element 	1 	and having U-shaped fold-back portions 	(symbol 

omitted) 	at 	multiple 	steps 	at 	the 	right 	and 	left 	ends 

respectively. 	The heating element lc is supported by the 

respective fold-back portions at the right and left ends being 

fixed by fixtures (symbol omitted) to supporting members 29 

that are provided vertically at the respective inner sides of 

the decorative frames 2 and 2a. 	The respective end portions 

of 	the 	corrugated 	piping 	of 	the 	heating 	element 	lc 	are 

respectively connected to the supply/discharge pipes 13 and 

14. 	The supply/discharge pipes 14 and 13 are connected to the 

piping 92a and 92b. 
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As with the heating elements la and lb, the corrugated 

piping of the heating element lc may be formed of the pipe body 

12a (see FIG. 6C) having the plurality of stria portions 121 

running in parallel in the longitudinal direction on the inner 

surface or of a pipe body without stria portions formed therein. 

[0146] 	Also, due to having the corrugated pipe arrangement 

described above, the heating element lc, like the heating element 

1, has the advantage of providing the above-described effects 

by passing 	the 	high-temperature, 	high-pressure 	gas phase 

refrigerant from the lower side to the upper side of the piping 

during heating and passing the gas-liquid two-phase refrigerant 

from the upper side to the lower side of the piping during cooling. 

[0147] 	That is, during heating, the heating element 1 is 

heated by the gas phase refrigerant of high temperature being 

supplied f rom the supply/discharge pipe 14 to the heating element 

1 and the air near the floor surface 5 at the lower side of 

the indoor space that is lower in temperature and large in 

temperature difference with respect to the upper side is heated 

first so that the heat exchange efficiency is high and effective 

heating can be performed. 	Also, the gas phase refrigerant is 

guided by the respective vertical pipes 12 branching from the 

lower header 11 andmoves upward while condensing and dissipating 

heat. 	In this process, 	the refrigerant is in the gas phase 
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and the refrigerant can thus move upward smoothly because gravity 

hardly acts on it. 

Also during cooling, ordinarily, the temperature is high 

and the heat energy for revaporization is high near the ceiling 

at the upper side and therefore the heat efficiency is improved 

by 	introducing 	the 	refrigerant 	into 	the 	piping 	from the 

supply/discharge pipe 13 at the upper portion of the heating 

element lc. 	Also, in the process of being guided by the piping 

and moving downward through the piping due to the action of 

gravity 	while 	absorbing 	heat, 	the 	gas-liquid 	two-phase 

refrigerant undergoes efficient heat exchange and changes to 

the gas phase refrigerant and the gas phase refrigerant is guided 

to the outdoor machine 90. 

[0148] 	FIG. 	10 and FIG. 	11 will be referenced. 

In FIGS. 10A and 10B, portions that are the same as or 

equivalent to those of the radiant heat exchanger R1 are provided 

with the same symbols and redundant descriptions concerning 

structure will be omitted. 

The radiant heat exchanger R1 may be substituted by a 

radiant heat exchanger R4 shown in FIG. 	10. 

With the radiant heat exchanger R9, only the structure 

of a heating element ld differs from that of the heating element 

1 and the structures of other portions are the same as those 
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of the radiant heat exchanger Rl. 	Although the piping is of 

the parallel type in the heating element id, the piping is not 

restricted thereto and may be arranged as a corrugated pipe, 

which is of the serial type and with which the refrigerant flow 

direction is the vertical direction or the lateral direction. 

[0149] 	The pipe body 12a (the same as the pipe body of FIG. 

6C), which i5 the vertical pipe used in the heating element 

id, is surrounded by an outer shell body 18 that is for improving 

the heat exchange efficiency and is made of aluminum, which 

is excellent in thermal conductivity. 	The outer shell body 

18 is made up of shell members 181 and 182 that are mutually 

the same in shape. 	The shell members 181 and 182 are formed 

so that when fitted together at fitting portions 	(symbols 

omitted) as shown in FIG. 11B, the outer shape of the transverse 

section is a substantially elliptical shape that is slightly 

flat. 	The respective fitting portions of the shell members 

181 and 182 have concave surface portions 	(symbols omitted) 

that respectively fit in close contact with the outer shape 

(outer surface) 	of the pipe body 12a. 	Gaps 183 and 184 are 

formed in the longitudinal direction and mutually independently 

in the respective shell members 181 and 182. 	Although the gaps 

183 and 184 are sealed in the present embodiment, these may 

be in communication with the ambient air instead. 
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[0150] 	A 	knurling 	process 	that 	forms 	a 	plurality 	of 

concavities and convexities 185 is applied to the outer surfaces 

(outer surfaces when fitted together) of the shell members 181 

and 182 to increase the surface area and improve the heat exchange 

efficiency. 	As shown in FIG. 11B, in the state where the shell 

members 181 and 182 are fitted together to hold the pipe body 

12a with the respective concave surface portions, the outer 

shell body 18 and the pipe body 12a do not move relative to 

each other. 	The respective outer shell bodies 18 enclosing 

the pipe bodies 12a are disposed in inverted-V shape (or zigzag) 

configurations such that with mutually adjacent outer shell 

bodies 18, the outer surfaces do not face each other as shown 

in FIG. 11A and mutual influence by radiant heat is thereby 

avoided, and the heat exchange efficiency is improved in regard 

to this point as well. 

[0151] 	FIG. 12 will be referenced. 	Among the symbols in 

FIG. 	12, 	EX7 	indicates a "heating state," EX8 	indicates a 

"cooling state," EX9 indicates "expansion during heating," and 

EX10 indicates "contraction during cooling." 

The radiant heat exchanger R1 may be substituted by a 

radiant heat exchanger R5 shown in FIG. 12. 	The radiant heat 

exchanger R5 includes, at a lower portion of the heating element 

1, a lower ventilation guiding member 17 that guides flowing 
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air and includes an upper ventilation guiding member 18 at an 

upper portion of the heating element 1. 	The lower ventilation 

guiding member 17 is made up of two curved plates 	(symbols 

omitted) each having a width that is substantially equal to 

the length of the lower header pipe 11 of the heating element 

1 and having a predetermined length in the up/down direction, 

and the respective curved plates are fixed to the decorative 

frames 2 and 2a so as to face the front surface side and the 

rear surface side of the drain pan 15. 

[0152] 	Also, the upper ventilation guiding member 18 is 

made up of two curved plates (symbols omitted) each having a 

width that is substantially equal to the length of the upper 

header pipe 10 of the heating element 1 and having a predetermined 

length in the up/down direction, and the respective curvedplates 

are fixed to the decorative frames 2 and 2a so as to face the 

front surface side and the rear surface side of the upper header 

pipe 10. 	The material of the lower ventilation guiding member 

17 and the upper ventilation guiding member 18 is any of various 

metals or a synthetic resin, etc., but is not restricted thereto. 

[0153] 	With the radiant heat exchanger R5, the flow of air 

in the gaps 39 and 49 occurs smoothly due to the provision of 

the lower ventilation guiding member 17 and the upper ventilation 

guiding member 18, and the flow or air by the chimney effect 
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using the two-plate structure of the rectifying plates 3 and 

3a and rectifying plates 4 and 4a in the present embodiment 

can thereby be made to occur even more efficiently. 

The surfaces of the lower ventilation guiding member 17 

and the upper ventilation guiding member 18 may be coated with 

a coating having a deodorizing function, 	an antibacterial 

function, 	or 	a 	volatile 	organic 	compound 

adsorption-decomposition function, etc., to achieve cleaning 

of the indoor air. 

[0154] 	FIG. 	13 will be referenced. 

With each of the radiant heat exchangers R1, R2, R3, R4, 

and R5, an advertisement may be displayed on the surfaces of 

the front surface side rectifying plates 3 and 3a as shown in 

FIGS. 	13A and 13B. 

In FIG. 13A, advertisement characters 7a expressing the 

"ecowin" logo are printed in the vertical direction from the 

rectifying plate 3a to the rectifying plate 3 at the upper side. 

In FIG . 13B, advertisement characters 7b expressing the "ecowin" 

logo are printed in the width direction on the surface of a 

lower portion of the upper side rectifying plate 3. 

Advertisement characters may similarly be printed on the 

rectifying plates 4 and 4a at the rear surface side. 	The 

expressions made on the respective rectifying plates are not 
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restricted 	to 	advertisements, 	signs 	(marks 	and 	signboard 

displays) , 	and 	various 	designs, 	and 	various 	artistic 

expressions, such as pictures, photographs, etc., may also be 

adopted. 

[0155] 	By the above, the rectifying plates 3, 3a, and 3b 

and rectifying plates 4, 4a, and 4b, which have functions as 

covers of the heating element 1 in addition to the functionality 

of giving rise to the chimney effect that promotes the convection 

of air, can be utilized as advertisement panels and signs. 	That 

is, 	each of the radiant heat exchangers R1, 	R2, R3, R9, and 

R5 has a large exposed form of significant presence in the indoor 

space in which it is installed and use can be made of the exposed 

form to provide the function of a more effective advertisement. 

[0156] 	FIG. 	19 will be referenced. 

The figures from here up to FIG. 17 express variations 

of the piping and valves as operation mode switching means. 

Although in FIG. 	19 to FIG. 	17, 	symbols are provided in the 

same manner as in FIG. 1 and numerals are left in the symbols 

of the valves for the sake of convenience, these numerals do 

not contain any meaning of order, 	sequence, 	or degree of 

importance, 	etc. 

With an air conditioning system A3 shown in FIG. 14, the 

valve V2 is removed from the arrangement of the air conditioning 
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system Al so that the number of valves used is five and the 

arrangements of other portions are the same as those of the 

air conditioning system Al. 

[0157] 	With the air conditioning systemA3, when the outdoor 

machine 90 is to be put in operation together with the indoor 

machine 91 and the radiant heat exchanger R1, the valve V5 and 

the valve V6 are closed, and the valve V1, the valve V3, and 

the valve V4 are opened. 	Also, when operation of the indoor 

machine 91 is to be stopped and only the radiant heat exchanger 

R1 is to be put in operation, the valve V1 and the valve V6 

are closed and the valve V3, the valve V4, and the valve V5 

are opened. 	Further, 	when operation of the radiant heat 

exchanger R1 is to be stopped and only the indoor machine 91 

is to be put in operation, the valve V3, the valve V4, and the 

valveVSareclosedandthevalveVI and the valve V6 are opened. 

[0158] 	FIG. 	15 will be referenced. 

With an air conditioning system A4 shown in FIG. 15, the 

valve V2 and the valve V4 are removed from the arrangement of 

the air conditioning system Al so that the number of valves 

used is four and the arrangements of other portions are the 

same as those of the air conditioning system Al . 	Besides this, 

with the present embodiment, operation in practically the same 

manner as described below can be performed even with an 
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arrangement with which the valve V2 and the valve V3 are removed 

from the arrangement of the air conditioning system Al, an 

arrangement with which the valve V1 and the valve V3 are removed, 

or an arrangement with which the valve V1 and the valve V4 are 

removed. 

[0159] 	With the air conditioning systemA4 , when the outdoor 

machine 90 is to be put in operation together with the indoor 

machine 91 and the radiant heat exchanger R1, the valve V5 and 

the valve V6 are closed, and the valve V1 and the valve V3 are 

opened. 	Also, when operation of the indoor machine 91 is to 

be stopped and only the radiant heat exchanger R1 is to be put 

in operation, the valve V1 and the valve V6 are closed and the 

valve V3 and the valve V5 are opened. 	Further, when operation 

of the radiant heat exchanger R1 is to be stopped and only the 

indoor machine 91 is to be put in operation, the valve V3 and 

the valve V5 are closed and the valve V1 and the valve V6 are 

opened. 

[0160] 	FIG. 	16 will be referenced. 

With an air conditioning system A5 shown in FIG. 16, the 

piping 92c and the valves V1, V2, V3, V4, and V5 are removed 

from the arrangement of the air conditioning system Al so that 

the valve used is the single valve V6 and the arrangements of 

other portions are the same as those of the air conditioning 
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system Al. 

[0161] 	With the air conditioning systemA5, when the outdoor 

machine 90 is to be put in operation together with the indoor 

machine 91 and the radiant heat exchanger R1, the valve V6 is 

closed. 

Also, when operation of the radiant heat exchanger R1 

is to be stopped and only the indoor machine 91 is to be put 

in operation, the valve V6 is opened. 	Thus, the refrigerant 

passing through the piping 92 does not pass through the piping 

92a, 	the piping 12 of the heating element 1, and the piping 

92b that branch from the piping 92 and the sum course of the 

piping 92a, the piping 12 of the heating element 1, and the 

piping 92b is longer than the course between the connection 

portion to the piping 92a and the connection portion to the 

piping 92b but the refrigerant passes through the shorter course 

between the connection portion to the piping 92a and the 

connection portion to the piping 92b. 	Further, when operation 

of the indoor machine 91 is to be stopped and only the radiant 

heat exchanger R1 is to be put in operation, the fan 970 of 

the indoor machine 91 of the air conditioner 9 is stopped in 

the state where the valve V6 is closed. 	Thus, the indoor machine 

91 cannot perform air conditioning and merely the refrigerant 

passes through the piping of the indoor side heat exchanger 
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97 so that practically, only the radiant heat exchanger R1 is 

put in operation. 

[0162] 	FIG. 	17 will be referenced. 

With an air conditioning system A6 shown in FIG. 17, the 

piping 92c and the valves V1, V2, and V5 are removed from the 

arrangement of the air conditioning system Al so that the valves 

used are the three valves of valve V6, valve V3, and valve V4, 

and the arrangements of other portions are the same as those 

of the air conditioning system Al. 	Besides this, 	with the 

present embodiment, operation in practically the same manner 

as described below can be performed even with an arrangement 

with which the valve V3 or the valve V4 is further removed. 

[0163] 	With the air conditioning systemA6, when the outdoor 

machine 90 is to be put in operation together with the indoor 

machine 91 and the radiant heat exchanger R1, the valve V6 is 

closed and the valve V3 and the valve V4 are opened. 	Also, 

when operation of the radiant heat exchanger R1 is to be stopped 

and only the indoor machine 91 is to be put in operation, the 

valve V6 is opened and the valve V3 and the valve V4 are closed. 

Further, when operation of the indoor machine 91 is to be stopped 

and only the radiant heat exchanger R1 is to be put in operation, 

the fan 970 of the indoor machine 91 of the air conditioner 

9 is stopped in the state where the valve V6 is closed and the 
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valve V3 and the valve V4 are open. 	Thus, the indoor machine 

91 cannot perform air conditioning and merely the refrigerant 

passes through the piping of the indoor side heat exchanger 

97 so that practically, only the radiant heat exchanger R1 is 

put in operation. 

[0164] 	The main types of packaged air conditioners that 

are generally used are room air conditioners and building multi 

air 	conditioners. 	Room 	air 	conditioners 	are 	mainly 	for 

household use and buildingmulti air conditioners are frequently 

used in business facilities, etc. 	Use in combination with such 

air conditioners is assumed with the radiant heat exchangers 

R1, R2, R3, R4, and R5, and in the experiments described below, 

combinations with an air conditioner including an inverter and 

combinations with an air conditioner without an inverter were 

compared in regard to the performance of the capabilities of 

the radiant heat exchangers for the case of heating. 

[0165] 	The experiments were conducted in regard to change 

(transition) of temperature and change (transition) of power 

consumption in each of the following four cases. 

<CASE 1> . Convection air conditioning by operation of 

only a room air conditioner with an inverter 

<CASE 	2> -. Hybrid air 	conditioning by simultaneous 

operation 	of 	a 	radiant 	heat 	exchanger 	and 	the 	room 	air 
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conditioner with the inverter 

<CASE 3> -, Convection air conditioning by operation of 

only a building multi air conditioner without an inverter 

<CASE 	4> -. Hybrid air 	conditioning by 	simultaneous 

operation of a radiant heat exchanger and the building multi 

air conditioner without an inverter 

[0166] 	(Comparative tests of temperature change) 

- 	Comparisons 	using 	the 	room 	air 	conditioner 	(with 

inverter) 

FIG. 18 will be referenced. 	FIG. 18 is a graph showing 

the changes of the room temperature in CASE 1 of putting only 

the air conditioner in operation and CASE 2 of putting the air 

conditioner 	and 	the 	radiant 	heat 	exchanger 	in 	operation 

simultaneously. 	In the figure, 	the 	(d) 	at the end of CASE 

indicates that the temperature measurement point is at the center 

of an experimental room and (e) indicates that the temperature 

measurement point is in front of the radiant heat exchanger. 

[0167] 	The experimental conditions are as follows. 

Item CASE 1 	CASE 2 

Set temperature °C 	27 	24 

Air blowing amount 	Minimal 	Minimal 

Air blowing direction Horizontal Horizontal 

Test duration min 	90 	90 
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Outdoor air temperature 	(average) 	°C 	9.71 	10.2 

Outdoor humidity 	(average) 	% 	18.1 	22.7 

[0168] 	(Discussion) 

As shown in FIG. 18, until the elapse of 30 minutes, the 

temperature is higher in CASE 2 than in CASE 1 except during 

the first approximately 5 minutes. 	It can thus be understood 

that the rise of room temperature is faster in CASE 2 in which 

the 	radiant 	heat 	exchanger 	is 	used. 	Whereas 	in 	CASE 	1, 

approximately 50 minutes were required for the room temperature 

at both (d) 	and (e) 	to reach the set temperature 	(27 °C), 	it 

took only 15 minutes for the room temperature to reach the set 

temperature (24°C) in CASE 2. 	In CASE 1, it took no less than 

25 minutes to reach the set temperature 	(24°C) 	of CASE 2. 

[0169] 	In CASE 2, the room became warm rapidly immediately 

after the start of the experiment and a steady state in which 

the PMV is 0 was attained in approximately 30 minutes. 	On the 

other hand, in CASE 1, the heating of the room was slow and 

it took approximately 50 minutes to attain the steady state 

in which the PMV is O. 	From these results, it can be understood 

that even in consideration of the difference in set temperature, 

the hybrid type CASE 2 is higher in efficiency and better in 

comfort in comparison to the convection type CASE 1 using only 

the air conditioner. 
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[0170] 	- 	Comparisons 	using 	the 	building 	multi 	air 

conditioner 	(without inverter) 

FIG. 19 will be referenced. 	FIG. 19 is a graph showing 

the changes of the room temperature in <CASE 3> of putting only 

the building multi air conditioner in operation and <CASE 4> 

of putting the building multi air conditioner and the radiant 

heat exchanger in operation simultaneously. 	In the figure, 

the 	(d) 	at the end of CASE indicates that the temperature 

measurement point is at the center of the experimental room 

and (g) 	indicates that the temperature measurement point is 

in front of the radiant heat exchanger. 

[0171] 	The experimental conditions are as follows. 

Item CASE 3 	CASE 4 

Set temperature °C 	27 	27 

Air blowing amount 	Minimal 	Minimal 

Air blowing direction Horizontal Horizontal 

Test duration min 	90 	90 

Outdoor air temperature 	(average) 	°C 	10.5 	11.8 

Outdoor humidity 	(average) 	% 	75.2 	69.9 

[0172] 	(Discussion) 

At the measurement point (g) that is positioned in front 

of the radiant heat exchanger, a large difference in temperature 

transition was not seen between CASE 3 in which only the building 
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multi air conditioner is put in operation and CASE 4 in which 

the building multi air conditioner and the radiant heat exchanger 

are 	put 	in 	operation 	together. 	Similarly, 	hardly 	any 

difference was seen between CASE 3 and CASE 4 at the measurement 

point 	(d) 	at the center of the experimental room. 	Further, 

a significant difference was not seen in regard to the rate 

of temperature rise as was observed in the cases using the room 

air conditioner. 

[0173] 	Such differences in result with respect to the room 

air conditioner is considered to be due to the presence or 

non-presence of the inverter. 	With the hybrid air conditioning 

using the building multi air conditioner and the radiant heat 

exchanger, the operation of the radiant heat exchanger is stopped 

when the compressor is stopped. 	It is thus considered that 

the emission of radiant heat is insufficient and significant 

data thus could not be obtained as in the case of the room air 

conditioner. 

[0174] 	(Comparative tests of power consumption) 

- 	Comparisons 	using 	the 	room air 	conditioner 	(with 

inverter) 

FIG. 20 will be referenced. 	FIG. 20 is a graph showing 

the changes of the power consumption in the case of putting 

only the air conditioner of the air conditioning system in 
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operation and the case of putting the air conditioner and the 

radiant heat exchanger in operation simultaneously. 	Among the 

indications in FIG. 20, EX11 indicates the "power consumption . " 

[0175] 	The experimental conditions are as follows. 

Item 	CASE 1 	CASE 2 

Set temperature °C 	27 	24 

Air blowing amount 	Minimal 	Minimal 

Air blowing direction Horizontal Horizontal 

Test duration min 	90 	90 

Outdoor air temperature 	(average) 	°C 	9.71 	10.2 

Outdoor humidity 	(average) 	% 	18.1 	22.7 

Globe temperature 	(steady state) 	°C 	24 	23.5 

Room temperature 	(steady state) 	°C 	25.8 	24.4 

PMV 	(steady state) 	0.087442 	0.085886 

[0176] 	(Discussion) 

It was confirmed that in both the initial operation state 

and the steady state, the power consumption is lower in CASE 

2, in which the radiant heat exchanger is put in operation 

simultaneously with the air conditioner, than in CASE 1, in 

which only the air conditioner is put in operation. 	In the 

present analysis, a comparison of the total power consumption 

in the initial operation state and steady state is made to 

quantitatively 	demonstrate 	the 	energy 	saving 	effect 	of 
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installing the radiant heat exchanger. 	In regard to the total 

power consumption at 90 minutes from the start of operation, 

a reduction of approximately 34% in comparison to CASE 1 was 

achieved in CASE 2 as shown below. 

[0177] 	CASE 1 	CASE 2 	Reduction effect % 

Power consumption kWh/90 minutes 1.103 0.73 	33.8 

[0178] 	- 	Comparisons 	using 	the 	building 	multi 	air 

conditioner 	(without inverter) 

FIG. 21 will be referenced. 	FIG. 21 is a graph showing 

the changes of the power consumption in the case of putting 

only the building multi air conditioner of the air conditioning 

system in operation and the case of putting the building multi 

air conditioner and the radiant heat exchanger in operation 

simultaneously. 	Among 	the 	indications 	in 	FIG. 	21, 	EX11 

indicates the "power consumption." 

[0179] 	The experimental conditions are as follows. 

Item CASE 3 	CASE 4 

Set temperature °C 	27 	27 

Air blowing amount 	Minimal 	Minimal 

Air blowing direction Horizontal Horizontal 

Test duration min 	90 	90 

Outdoor air temperature 	(average) 	°C 	10.4911.8 

Outdoor humidity 	(average) 	% 	75.2 	69.9 
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Globe temperature 	(steady state) 	°C 	23.3 	23.8 

Room temperature 	(steady state) 	°C 	24.5 	24.4 

PMV 	(steady state) 	0.015546 	0.039101 

[0180] 	(Discussion) 

A reduction effect was not seen in regard to the total 

power consumption at 90 minutes from the start of operation. 

This is considered to be due to the building multi air conditioner 

lacking an inverter function and the radiant heat from the 

radiant heat exchanger thus not being emitted sufficiently. 

[0181] 	CASE 3 	CASE 4 	Reduction effect % 

Power consumption kWh/90 minutes 1.566 1.686-8 

[0182] 	As mentioned above, the effect of the radiant heat 

exchanger was confirmed sufficiently in the case of the room 

air conditioner that includes the inverter. 	On the other hand, 

with the building multi air conditioner without an inverter, 

hardly any differences were observed between using and not using 

the radiant heat exchanger in both the temperature change 

comparison test and the power consumption comparison test, and 

the effect of the radiation heat exchanger could not be observed. 

It was thus found that the radiant heat exchanger can 

exhibits its functions sufficiently in combination with an air 

conditioner having an inverter, with which the stopped state 

is not entered frequently and radiant heat can be emitted in 
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a sustained manner from the radiant heat exchanger. 	Also, 

although the above experiments were performed for the case of 

heating, similar results can be presumed for the case of cooling 

in regard to the point that an air conditioner with an inverter 

should be used to make the radiant heat exchanger exhibit its 

functions sufficiently. 

[0183] 	The 	terms 	and expressions 	used 	in the present 

specification are merely descriptive, are not restrictive by 

any means, and not intended to exclude terms and expressions 

equivalent to the features and portions thereof described in 

the present specification. 	Also, various modifications are 

possible within the scope of the technical ideas of the present 

invention. 

DESCRIPTION OF THE SYMBOLS 

[0184] 	Al: 	air conditioning system 

9: 	air 	conditioner, 	90: 	outdoor machine, 	91: 	indoor 

machine, 	92: piping, 	92a, 	92b, 	92c: piping, 	93: outdoor side 

heat exchanger, 	930: 	fan 

94: compressor, 95: four-wayselectorvalve, 96:expansion 

valve, 	97: indoor side heat exchanger, 	970: fan, 98: piping, 

99: 	control portion 

V1, 	V2, 	V3, 	V4, 	V5, 	V6: 	valve 

R1: 	radiant heat exchanger 
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1: heating element, 10: upper header pipe, 11: lower header 

pipe, 12: vertical pipe, 120: flow path, 13: supply/discharge 

pipe, 14: supply/discharge pipe, 15: drain pan, 16: drainpipe, 

160: 	drainage pipe, 	12a: 	piping, 	121: 	stria portion 

2, 2a: decorative frame, 	20, 	21: 	lower fixing member, 

22, 23: upper fixing member, 24, 25: fixture, 26: reinforcing 

member, 27: upper opening portion, 28: lower opening portion 

3, 3a, 	3b: 	rectifying plate, 	30: 	radiant heat passing 

pore, 	31: 	reflecting surface, 	39: 	gap 

4, 4a, 	4b: 	rectifying plate, 	40: 	radiant heat passing 

pore, 	41: 	reflecting surface, 	49: 	gap 

5: floor surface, 	50: 	lower clearance 

6: ceiling surface, 	60: upper clearance 

7a, 	7b: advertisement characters 

8: 	wall surface 

R2: radiant heat exchanger 

la, 	lb: heating element 

19: 	suspending beam member, 	190: 	suspending member 

R3: radiant heat exchanger 

lc: heating element 

29: supporting member 

R4: radiant heat exchanger 

ld: heating element 
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18: outer shell body, 181, 182: 	shell member, 	183, 	184: 

gap, 	185: 	stria portion 

R5: radiant heat exchanger 

17: 	lower 	ventilation 	guiding 

ventilation guiding member 

member, 	18: 	upper 

A2: air conditioning system 

9a: multi air conditioner, 

91a, 	91b: 	indoor machine 

90a: outdoor machine 

A3: air conditioning system 

A4: air conditioning system 

A5: air conditioning system 

A6: air conditioning system 
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CLAIMS 

[Claim 1] 

An air conditioning system comprising: 

an air conditioner having a refrigerant circuit, in which a compressor, an expansion 

valve, 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, and supplying air, which has undergone heat exchange with the 

refrigerant at the indoor side heat exchanger, to an indoor space by a fan; 

a radiant heat exchanger having a heating element incorporated in the refrigerant 

circuit of the air conditioner and; 

rectifying plates sandwiching the heating element of the radiant heat exchanger in 

between and each covering a surface of the heating element across a gap provided with 

respect to the surface, having the inner surface arranged as a reflecting surface that 

reflects the radiant heat radiated from the heating element, having a radiant heat 

passing portion penetrating through the inner and outer surfaces and allowing passage 

of radiant heat and air, and promoting air convection by a chimney effect; and 

an operation mode switching means by which switching to a single operation mode 

among the respective operation modes of a first operation mode of putting the air 

conditioner and the radiant heat exchanger in operation, a second operation mode of 

putting only the air conditioner in operation, and a third operation mode of putting only 

the radiant heat exchanger in operation is performed automatically or manually; and 

wherein the operation mode switching means that includes 

a first piping connecting the expansion valve and the indoor side heat exchanger, 

a first valve that the first piping has in its course, 

a second piping connecting the flow path switching valve and the indoor side heat 

exchanger, a second valve that the second piping has in its course, 

a third piping having one end side connected to the second piping and the other end 

side connected to one end side connected to one end side of the piping of the heating 

element of the radiant heat exchanger, 

a third valve that the third piping has in its course, 

a fourth piping having one end side connected to the other end side of the piping of 

the heating element of the radiant heat exchanger and the other end side connected to 

the second piping at a position closer to the flow path switching valve than the second 

valve, 

a fourth valve that the fourth piping has in its course, 

a fifth piping having one end side connected to the second piping at a position closer 

to the flow path switching valve than the second valve and the other end side connected 

to the first piping at a position closer to the expansion valve than the first valve, 
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a fifth valve that the fifth piping has in its course, and 

a sixth valve that the second piping has in a course between the connection portions 

to the fourth piping and the third piping. 

[Claim 2] 

An air conditioning system comprising: 

an air conditioner having a refrigerant circuit, in which a compressor, an expansion 

valve, 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, and supplying air, which has undergone heat exchange with the 

refrigerant at the indoor side heat exchanger, to an indoor space by a fan; 

a radiant heat exchanger having a heating element incorporated in the refrigerant 

circuit of the air conditioner and; 

rectifying plates sandwiching the heating element of the radiant heat exchanger in 

between and each covering a surface of the heating element across a gap provided with 

respect to the surface, having the inner surface arranged as a reflecting surface that 

reflects the radiant heat radiated from the heating element, having a radiant heat 

passing portion penetrating through the inner and outer surfaces and allowing passage 

of radiant heat and air, and promoting air convection by a chimney effect; and 

an operation mode switching means by which switching to a single operation mode 

among the respective operation modes of a first operation mode of putting the air 

conditioner and the radiant heat exchanger in operation, a second operation mode of 

putting only the air conditioner in operation, and a third operation mode of putting only 

the radiant heat exchanger in operation is performed automatically or manually; and 

the operation mode switching means that includes 

a first piping connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and the indoor side heat 

exchanger, 

a third piping having one end side connected to the second piping and the other end 

side connected to one end side of the piping of the heating element of the radiant heat 

exchanger, 

a fourth piping having one end side connected to the other end side of the piping of 

the heating element of the radiant heat exchanger and the other end side connected to 

the second piping at a position closer to the indoor side heat exchanger than the 

connection portion to the third piping, 

a fifth piping having one end side connected to the second piping at a position near 

the connection portion to the fourth piping and the other end side connected to the first 

piping, 

a valve that the fifth piping has in its course, and 
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a valve that the second piping has in its course between the connection portions to 

the fourth piping and the third piping, and 

one of either of the first piping and the second piping having a valve in its course or 

one of either of the third piping and the fourth piping having a valve in its course. 

[Claim 3] 

An air conditioning system comprising: 

an air conditioner having a refrigerant circuit, in which a compressor, an expansion 

valve, 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, and supplying air, which has undergone heat exchange with the 

refrigerant at the indoor side heat exchanger, to an indoor space by a fan; 

a radiant heat exchanger having a heating element incorporated in the refrigerant 

circuit of the air conditioner and; 

rectifying plates sandwiching the heating element of the radiant heat exchanger in 

between and each covering a surface of the heating element across a gap provided with 

respect to the surface, having the inner surface arranged as a reflecting surface that 

reflects the radiant heat radiated from the heating element, having a radiant heat 

passing portion penetrating through the inner and outer surfaces and allowing passage 

of radiant heat and air, and promoting air convection by a chimney effect; and 

an operation mode switching means by which switching to a single operation mode 

among the respective operation modes of a first operation mode of putting the air 

conditioner and the radiant heat exchanger in operation, a second operation mode of 

putting only the air conditioner in operation, and a third operation mode of putting only 

the radiant heat exchanger in operation is performed automatically or manually; and 

the operation mode switching means that includes 

a first piping connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and the indoor side heat 

exchanger, 

a third piping having one end side connected to the second piping and the other end 

side connected to one end side of the piping of the heating element of the radiant heat 

exchanger, 

a fourth piping having one end side connected to the other end side of the piping of 

the heating element of the radiant heat exchanger and the other end side connected to 

the second piping at a position closer to the indoor side heat exchanger than the 

connection portion to the third piping, 

a fifth piping having one end side connected to the second piping at a position near 

the connection portion to the fourth piping and the other end side connected to the first 

piping, 
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a valve that the fifth piping has in its course, and 

a valve that the second piping has in its course between the connection portions to 

the fourth piping and the third piping, and 

one of either of the first piping and the second piping having a valve in its course and 

one of either of the third piping and the fourth piping having a valve in its course. 

[Claim 4] 

An air conditioning system comprising: 

an air conditioner having a refrigerant circuit, in which a compressor, an expansion 

valve, 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, and supplying air, which has undergone heat exchange with the 

refrigerant at the indoor side heat exchanger, to an indoor space by a fan; 

a radiant heat exchanger having a heating element incorporated in the refrigerant 

circuit of the air conditioner and; 

rectifying plates sandwiching the heating element of the radiant heat exchanger in 

between and each covering a surface of the heating element across a gap provided with 

respect to the surface, having the inner surface arranged as a reflecting surface that 

reflects the radiant heat radiated from the heating element, having a radiant heat 

passing portion penetrating through the inner and outer surfaces and allowing passage 

of radiant heat and air, and promoting air convection by a chimney effect; and 

an operation mode switching means by which switching to a single operation mode 

among the respective operation modes of a first operation mode of putting the air 

conditioner and the radiant heat exchanger in operation, a second operation mode of 

putting only the air conditioner in operation, and a third operation mode of putting only 

the radiant heat exchanger in operation is performed automatically or manually; and 

the operation mode switching means that includes 

a first piping connecting the expansion valve and the indoor side heat exchanger, 

a second piping connecting the flow path switching valve and the indoor side heat 

exchanger, 

a third piping having one end side connected branchingly to the second piping and 

the other end side connected to one end side of the piping of the heating element of the 

radiant heat exchanger, 

a fourth piping having one end side connected to the other end side of the piping of 

the heating element of the radiant heat exchanger and the other end side connected 

branchingly to the second piping, and 

a valve that the second piping has in its course between the connection portion to the 

third piping and the connection portion to the fourth piping, and 

the length of the course that is the sum of the third piping, the piping of the heating 
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element, and the fourth piping being formed to be longer than the length of the course 

between the connection portion to the third piping and the connection portion to the 

fourth piping. 

[Claim 5] 

An air conditioning system comprising: 

an air conditioner having a refrigerant circuit, in which a compressor, an expansion 

valve, 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, and supplying air, which has undergone heat exchange with the 

refrigerant at the indoor side heat exchanger, to an indoor space by a fan; 

a radiant heat exchanger having a heating element incorporated in the refrigerant 

circuit of the air conditioner and; 

rectifying plates sandwiching the heating element of the radiant heat exchanger in 

between and each covering a surface of the heating element across a gap provided with 

respect to the surface, having the inner surface arranged as a reflecting surface that 

reflects the radiant heat radiated from the heating element, having a radiant heat 

passing portion penetrating through the inner and outer surfaces and allowing passage 

of radiant heat and air, and promoting air convection by a chimney effect; and 

an operation mode switching means by which switching to a single operation mode 

among the respective operation modes of a first operation mode of putting the air 

conditioner and the radiant heat exchanger in operation, a second operation mode of 

putting only the air conditioner in operation, and a third operation mode of putting only 

the radiant heat exchanger in operation is performed automatically or manually; and 

the operation mode switching means that includes 

a first piping connecting the expansion valve and the indoor side heat exchanger, 	a 

second piping connecting the flow path switching valve and the indoor side heat 

exchanger, 

a third piping having one end side connected to the second piping and the other end 

side connected to one end side of the piping of the heating element of the radiant heat 

exchanger, 

a fourth piping having one end side connected to the other end side of the piping of 

the heating element of the radiant heat exchanger and the other end side connected to 

the second piping, and 

a valve that the second piping has in its course between the connection portion to the 

third piping and the connection portion to the fourth piping, and 

either or both of the third piping and the fourth piping having a valve in the course 

or courses thereof. 
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[Claim 6] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

the heating element has a plurality of piping, the piping is connected in parallel to 

the piping making up the refrigerant circuit, the direction of flow of the refrigerant is 

the up/down direction, a gas-liquid two-phase refrigerant passes through from the 

upper sides to the lower sides of the piping of the heating element during cooling, and a 

gas phase refrigerant passes through from the upper sides to the lower side of the 

piping of the heating element during heating. 

[Claim 7] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

the piping of the heating element has a corrugated pipe arrangement, which is 

connected in series to the piping making up the refrigerant circuit and with which the 

direction of flow of the refrigerant is the up/down direction. 

[Claim 8] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

the piping of the heating element has a corrugated pipe arrangement, which is 

connected in series to the piping making up the refrigerant circuit and with which the 

direction of flow of the refrigerant is the horizontal direction, a gas-liquid two-phase 

refrigerant passes from the upper side to the lower side of the piping of the heating 

element during cooling, and a gas phase refrigerant passes from the lower side to the 

upper side of the piping during heating. 

[Claim 9] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

end members connecting the respective rectifying plates are disposed at end portions 

at both sides of the respective rectifying plates to form a tubular body that is open at an 

upper portion and a lower portion, and the heating element is enclosed in the tubular 

body. 

[Claim 10] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

the air conditioner is a multi air conditioner having a plurality of indoor side heat 

exchangers, with piping connected in parallel, with respect to the single outdoor side 

heat exchanger and one or a plurality of the radiant heat exchangers is or are installed 

in respective correspondence to the plurality of indoor side heat exchangers. 

[Claim 11] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

the air conditioner is an inverter air conditioner that performs inverter control of the 

compressor. 
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[Claim 12] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

the piping of the heating element is a flat pipe having a plurality of flow paths 

running in parallel in the longitudinal direction in the interior or a pipe having a 

plurality of stria portions running in parallel in the longitudinal direction on the inner 

surface. 

[Claim 13] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

a ventilation guiding member, which guides the air that enters and exits the gaps at 

the inner sides of the rectifying plates so that the air flows smoothly, is disposed at the 

upper side or the lower side or the upper side and the lower side of the heating element. 

[Claim 14] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

one or a plurality of types of processing or coating, selected from among knurling, 

alumite processing, 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, is applied to the surface of the heating 

element. 

[Claim 15] 

The air conditioning system according to Claim 1, 2, 3, 4 or 5, wherein 

an advertisement or an art image is displayed on the surface of the rectifying plate. 
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