Radiation Heat Exchanging Air Conditioning System and Radiation Heat-exchanging Ceiling thereof
Technical Field The present application relates to a direct-cooling air conditioning system. 5 More
specifically, the present application relates to a direct-cooling air conditioning system equipped with
radiation heat-exchanging ceiling Technical Background The heat pump system in prior ceiling air
conditioning system is not designed to make directly radiation heat-exchanging ceiling cool, but cold

10 water from waterygi NS ' [ em is used to
make it cool directly,letﬁgf@){tﬁ)jr}n1 sl,tgéggeﬁ ﬁgg%ﬁﬁgﬁg@%ﬁglﬁ I%;S&%I ew heavily due to
the lower temperature, and when the dew condenses to a certain extent it will drop from the ceiling
and thus form so-calledandifBiadiation bleatiexchanging Ceibng therevtystem with water
circulation system can be used in the relatively dry areas such as Northern Europe because the
humidity of these areas is relatively low and radiation heat-exchanging ceiling will not dew even if at a
relatively loWechamipaldfield However, there exists serious dewing problem when prior ceiling air 20
conditioning system is used in relatively more humid areas such as Southern China or Southeast Asia.

Heavy deWiPHeoiﬁJég&‘flti'aﬁ%?igﬁiﬁf)ﬁeli@wt@ér to a direct-cooling air conditioning system.

5 More specifically, the present application relates to a direct-cooling air

conditioning system equipped with radiation heat-exchanging ceiling.
Technical Background

The heat pump system in prior ceiling air conditioning system is not
designed to make directly radiation heat-exchanging ceiling cool, but cold
10 water from water-circulation system is used to make it cool. If the heat
pump system is used to make it cool directly, the bottom surface of radiation
heat-exchanging ceiling will dew heavily due to the lower temperature, and
when the dew condenses to a certain extent it will drop from the ceiling and
thus form so-called “artificial rain” in room. The prior ceiling conditioning
15 system with water circulation system can be used in the relatively dry areas
such as Northern Europe because the humidity of these areas is relatively
low and radiation heat-exchanging ceiling will not dew even if at a relatively

lower temperature.

However, there exists serious dewing problem when prior ceiling air
20 conditioning system is used in relatively more humid areas such as Southern
China or Southeast Asia. Heavy dewing occurred in the prior ceiling air

conditioning systems installed in Macau, Shenzhen, etc, which resulted in



conditioning systems installed in Macau, Shenzhen, etc, which resulted in frequent "artificial rain" from
a room ceiling For the prior air conditioning systems with dew point sensor they would automatically
stop working frequently because the sensor detected heavy dewing. After a long-term observation and
study, the inventor of the present 5 application found out that the main reasons why the prior radiation
heat-exchanging ceiling are easy to dew in more humid environments are as follows: 1. The humidity
in moist arelsdsiabbfandfBiad, md’ tHeomparoomentihitige &oisthio g ior satucaiivdititnadegy point
temperature is only few lower than 10 the ambient temperature. Therefore it is easy for vapor to
contact objsgtst@fmyhiefittheaietemperatuseis toweidhamwingl denupomtacdlilyus agw witirdaitmg on these
objects. 2. The prior radiation heat-exchanging ceiling includes metal ceiling plate and

heat-exchanigina&ily The-hast exeRrnginodaitisdddiebed iatssthes15 grooves on top of the metal
ceiling plate and contacts with the metal ceiling plate directly. Therefore the temperature on the area in

which the heat-exchanging coil contacts with the metal ceiling is often lower than the dew point
temperatur JifhofaldgoiTBred REVEHQMatif watErYs atBEiiryVEHaRioRindh s'iESs8 would be

set at a temperature as low as possible for effective cooling. Because its heat-exchanging coil contacts
directly wvittARPHraHPgeilfgynd out that the main reasons why the prior radiation

heat-exchanging ceiling are easy to dew in more humid environments are as

follows:

1. The humidity in moist areas is about 70-80%, and the vapor content in the
air is close to saturation. Its dew point temperature is only few lower than
10 the ambient temperature. Therefore it is easy for vapor to contact objects of
which their temperature is lower than the dew point and thus dew will form
on these objects.
2. The prior radiation heat-exchanging ceiling includes metal ceiling plate
and heat-exchanging coil. The heat-exchanging coil is installed into the
15 grooves on top of the metal ceiling plate and contacts with the metal ceiling
plate directly. Therefore the temperature on the area in which the
heat-exchanging coil contacts with the metal ceiling is often lower than the

dew point temperature.

In hot and moist areas the circulating water of a ceiling conditioning system
20 would be set at a temperature as low as possible for effective cooling.
Because its heat-exchanging coil contacts directly with its metal ceiling
plate the circulating water at low temperature will readily make the

temperature at the contacting area of the bottom surface of the metal ceiling



plate the circulating water at low temperature will readily make the temperature at the contacting area
of the bottom surface of the metal ceiling plate lower than the dew point temperature. And this will
inevitably cause dewing problems. Therefore, it is necessary to provide a direct-cooling air
conditioning system in which a radiation heat-exchanging ceiling is installed to avoid dewing. 5
Summary of the Invention The purpose of the present invention is to provide a direct-cooling air
conditioning Bytstdoveersthaall€aec diting pomditionipg sytsem Avhitilemplollsiaeadialibn cause
heat-exchanging ceiling plate difficult to dew and which can overcome heavy dewing problems
occurred ordbetmgriprablatinn 10 heat-exchanging ceiling and prior ceiling conditioning system. As
one aspect, the present invention is to provide a direct-cooling air conditioning system which includes
a heat pum stem avr\liﬁ a water circulation s ﬁher in th .water circul %lon system includes a

water circul EhGRRARSRIBLOY KIE A HE BT A Conditiohing sysiem

in which a radiation heat-exchanging ceiling is installed to avoid dewing.
5 Summary of the Invention

The purpose of the present invention is to provide a direct-cooling air
conditioning system or so-called ceiling conditioning system which employs
a radiation heat-exchanging ceiling plate difficult to dew and which can
overcome heavy dewing problems occurred on both prior radiation

10 heat-exchanging ceiling and prior ceiling conditioning system.

As one aspect, the present invention is to provide a direct-cooling air
conditioning system which includes a heat pump system and a water
circulation system wherein the water circulation system includes a water
circulation loop which further includes a circulating pump, an air
15 heat-exchanging device and a water heat-exchanging device. The air
heat-exchanging device exchanges heat with outside air and the water
heat-exchanging device exchanges heat with the heat pump system. In the
direct-cooling air conditioning system according to the present invention,
the water circulation system includes a purality of radiation heat-exchanging
20 ceiling plates which comprise metal ceiling plates and heat-exchanging coils.
The heat-exchanging coils are fixed on the top of the metal ceiling plates in
such a way that the heat-exchanging coils are adjacent to but do not contact

with the metal ceiling plates, and there is a layer of thermal insulation



15 heat-exchanging device and a water heat-exchanging device. The air heat-exchanging device
exchanges heat with outside air and the water heat-exchanging device exchanges heat with the heat
pump system. In the direct-cooling air conditioning system according to the present invention, the
water circulation system includes a purality of radiation heat-exchanging 20 ceiling plates which
comprise metal ceiling plates and heat-exchanging coils. The heat-exchanging coils are fixed on the
top of the nmateeceiliranpthiesdp sdcthe heatthattzn paag-exalarbhg loeidls exeladjacegt coibsit do not
contact with the metal ceiling plates, and there is a layer of thermal insulation material on the top of

the heat-exahacgingeetdd. toheh bedtedatiIgiog patate wattieciasilation aystéation loop of the water
circulation system. In the above direct-cooling air conditioning system because the

In the above direct-cooling air conditioning system because the
heat-exchanging coils do not directly contact with the metal ceiling plates
5 there is not any area on the metal ceiling plates with its temperature being
lower than the dew point temperature. And thus it is difficult to dew on such

an air conditioning system.

In addition, in the above direct-cooling air conditioning system the radiation
heat-exchanging ceiling plates in a same room can be connected with each
10 other in series or in parallel or in a combination of both in series and in

parallel.

Preferably, in the direct-cooling air conditioning system one or more layers
of metal foil can be further placed on the bottom of the thermal insulation
material. That is, the metal foil can be placed between the heat-exchanging
15 coils and the layer of thermal insulation material. In such a design the metal
foil increases the heat-exchanging area for the heat-exchanging coils and

thus improves heat-exchanging efficiency.

As a specific embodiment of the present invention, in the above
direct-cooling air conditioning system coil brackets for supporting the
20 heat-exchanging coils can be installed on the top surface of the metal ceiling
plates wherein the coil brackets can be made from poor thermal conducting
material such as plastics. The heat-exchanging coils can be mounted on the

coil brackets. In such a design a correct positioning between the



heat-exchanging coils do not directly contact with the metal ceiling plates 5 there is not any area on
the metal ceiling plates with its temperature being lower than the dew point temperature. And thus it is
difficult to dew on such an air conditioning system. In addition, in the above direct-cooling air
conditioning system the radiation heat-exchanging ceiling plates in a same room can be connected
with each 10 other in series or in parallel or in a combination of both in series and in parallel.
Preferably, heteedichangonfingpals eorbifieningtay sterh nge atesocanayerscofmaatshindd ahdbe further
placed on the bottom of the thermal insulation material. That is, the metal foil can be placed between

the heat-exdieyngieghky coilg actcetivhlayke ohthebaahinauaiies shatetigtalcsuch a design the metal
foil increases the heat-exchanging area for the heat- exchanging coils and thus improves

heat-excha gln% ﬁ%ﬁenc As aspecglc embodim fthe ent inv ntion,.in btgve
direct-cooli fio %té?fﬂl 8?1 %o ﬁﬁtﬁ%%‘ 85c-Xk gl?u Gils can be

installed on the top suiface Qf the n&etal ceiling
rect-cooling air conditioning system a seahng layer can be further placed

5 on the top of the layer of thermal insulation material. The sealing layer
covers over the layer of thermal insulation material so as to isolate it from
the outside air. In such a design the outside air is prevented from entering
into the layer of thermal insulation material, and therefore the
heat-exchanging coils will not dew. The thermal insulation material can be

10 kept dry to reach a better insulation effect.

As still another specific embodiment of the present invention, in the above
direct-cooling air conditioning system an aluminum foil can be used as the
metal foil and glass wool or mineral wool can be used as the thermal
insulation material. The aluminum foil, the glass wool and the sealing layer
15 can be stacked up or laminated to form a layer of aluminum foil/glass wool
insulation material. In such a design the aluminum foil/glass wool insulation
materials can be available from the market and it can be easily and

conveniently closed over the heat-exchanging coils when assembling.

As yet another specific embodiment of the present invention, the above
20 direct-cooling air conditioning system further includes a fresh flue (i.e. a
passage for fresh air) with which a fan is equipped. The inlet of the fresh
flue 1s in communication with the outdoor air, and its outlet is in

communication with the indoor air. A heat-exchanging coil for fresh air is



plates wherein the coil brackets can be made from poor thermal conducting material such as plastics.
The heat-exchanging coils can be mounted on the coil brackets. In such a design a correct positioning
between the heat-exchanging coils and the metal ceiling plates can be so maintained that they neither
contact each other nor be in an excessive distance. As another specific embodiment of the present
invention, in the above direct-cooling air conditioning system a sealing layer can be further placed 5 on
the top of thadayeedf Withmalthes fiatidn hete ndhidhea sealimeltpdr botercovtigha tayéataighermal
insulation material so as to isolate it from the outside air. In such a design the outside air is prevented

from enteringiimio the tlhyew aféheirallmsolatys waterial, drel lrartetorehtinegingtexdhangihg coils will
not dew. The thermal insulation material can be 10 kept dry to reach a better insulation effect. As still

another speeifitatiohdsimesk ohihe resaitinyestiess Tihaiahay e lies; ehelifiedir aadiianing
system an aluminum foil can be used as the metal foil and glass wool or mineral wool can be used as

the thermaldpsyiiionpaiatiabol A ARNMITMVintn 1IS0IRI ML ARG iR SRANBI VA RSHL SvERN be

stacked up or laminated to form a layer of aluminum foil/glass wool insulation material. In such a

design the gy feiflastioghinswaPd MaeriasR R RYRIBG oS RIfKe AR it can be

easily and conveniéntly closed over heat-exchanging coils when assembling. As yet'another

specific emppdiment of g LTRIAPEIVGRUYT thE 8% Fating water from being lower than

the dew point temperature through preheating by the fresh air before
entering into the heat-exchanging coils of the radiation heat-exchanging

ceiling plates. Therefore dewing will be avoided.

10 As another specific embodiment of the direct-cooling air conditioning
system of the present invention the water circulation loop further includes a
water tank for thermal buffering which is positioned between the circulation
pump and the heat-exchanging coil for fresh air. In such a design circulating
water has a small fluctuation on its temperature and the compressor need not

15 to turn on and off frequently.

As another specific embodiment of the direct-cooling air conditioning
system of the present invention, the fresh flue is equipped with a solenoid
valve. A solenoid valve is also placed between the circulating pump of the
water circulation loop and the heat-exchanging coils of the radiation
20 heat-exchanging ceiling. Such a design has the advantages of being easily

adjusted and suitable for central air conditioning.

As another aspect the present invention is to provide a radiation

heat-exchanging ceiling plate used in an air-conditioning system,



20 direct-cooling air conditioning system further includes a fresh flue (i.e. a passage for fresh air) with
which a fan is equipped. The inlet of the fresh flue is in communication with the outdoor air, and its
outlet is in communication with the indoor air. A heat-exchanging coil for fresh air is mounted within
the fresh flue, which is connected between the circulating pump of the water circulation system and the
heat-exchanging coils of the radiation heat-exchanging ceiling plates. In such a design, the fresh flue
can providepdnyianthcbldifieshdiracheon thmgy stencendifrigaragngysikich sittls ast anberhdgce the
duty load of the radiation heat-exchanging ceiling but also prevent the temperature of the circulating
water from beindittvven thansteerdeTthporatiiatipe rhtutedkobagiz prg hesting byl e fredbdis kefore
entering into the heat-exchanging coils of the radiation heat-exchanging ceiling plates. Therefore

dewing will preaMoid¢dnOphsianaitiel $ietit enbrdinesdif A Reateodthaizoraiioring

system of th(_a pr_esent_i_nvention the water ci_rculatipn loop further includes a water_tank f_or thermal _
buffering wifiglés ResittareddistweeHbe piseaiatieaEnH R the hﬁ%ﬁxﬁh%%x‘gtﬁﬁt' fegdresh air.

In such a design circulating water has a small fluctuation on its temperature and the compressor need

not 15 tg t“%&ﬂ%ﬁﬁégﬁg’%@lﬂi@sﬁﬁﬁ&% SReQYift &IRRAIAENE ShtRE dA ek CARINGEA]

conditioning system of t esent invention, the fresh flue is equipped with a solenoid valve. A

solenoid valye;is. al cedb irculati p. of th ter circulati e
neatoxchangiiy GO L or 2b ALEl Sl B L T e B R amtages
of being eaﬂ']lg %d'L{sted ﬁ\nd suitableilfor central air conditioning As another aspect the present

invention is 10 provide & radiation <©
Preferably in the above radiation heat-exchanging ceiling plate a layer of
metal foil can be further placed on the bottom of the thermal insulation

10 material. That is, the metal foil can be placed between the heat-exchanging

coil and the layer of thermal insulation material.

Preferably in the above radiation heat-exchanging ceiling plate coil brackets
for supporting the heat-exchanging coil can be installed on the top surface of
the metal ceiling plate wherein the coil brackets can be made from poor
15 thermal conducting material such as plastics. In such a design a correct
positioning between the heat-exchanging coil and the metal ceiling plate can
be so maintained that they neither contact e ach other nor be in an excessive

distance.

Preferably in the above radiation heat-exchanging ceiling plate a sealing
20 layer can be further placed on the top of the layer of thermal insulation
material. The sealing layer covers over the layerof thermal insulation

material so as to isolate it from the outside air.

Preferably in the above radiation heat-exchanging ceiling plate an aluminum



heat-exchanging ceiling plate used in an air-conditioning system, particularly in a direct-cooling air
conditioning system such as a ceiling conditioning system. The radiation heat-exchanging ceiling plate
includes a metal ceiling plate and a heat-exchanging coil. The heat-exchanging coil is fixed on the top
of the metal ceiling plate in such a way that the 5 heat-exchanging coil is adjacent to but does not
contact with the metal ceiling plate, and there is a layer of thermal insulation material on the top of the
heat-exchafgihgawibaPustet atslyhie thetabdod raibgtas headekonangiegateNiogl gatetzelagedof metal
foil can be further placed on the bottom of the thermal insulation 10 material. That is, the metal foil can
be placed bedwkenhbmitdatngxthaogimyateitahdithe fyetioitiefoid) theugdtion waddrialdRheferably in
the above radiation heat-exchanging ceiling plate coil brackets for supporting the heat-exchanging coill

can be instaliadinn the &raurfBsesefdhedetalreling: nlataiwoereiming tejbratketamandia made

from poor 15 thermal conducting material such as plastics. In such a design a correct positioning

between thedigatr&xchanding Al @HH Hhateigidl ceiling plate can be so maintained that they neither
contact e ach other nor be in an excessive distance. Preferably in the above radiation heat-exchanging

ceiling plate a sealing
The direct-cooling air conditioning system of the present invention (i.e. the

ceiling conditioning system with radiation heat-exchanging ceiling) is not
easy to dew when in operation. It belongs to a real quite air conditioning
system without any noise because both its compressor and pumps can be
placed outside and there is no fan inside. Due to large heat-exchanging area
10 of the ceiling conditioning system the inlet temperature of the coolant can be
5 °C higher than that of an ordinary air conditioning system, and the indoor
temperature can be 3 °C higher than that of an ordinary air conditioning
system with same comfor level. Therefore compared with an prior air
conditioning system the direct-cooling air conditioning system of the present
15 1invention has a higher energy efficiency and will save energy in about more
than 30%. Thus the direct-cooling air conditioning system of the present

invention has a good prospect in the market.

The direct-cooling air conditioning system of the present invention (i.e. the
ceiling conditioning system with radiation heat-exchanging ceiling) and the
20 radiation heat-exchanging ceiling plate thereof will be further understood
through the following illustrative and non-limitative description of preferred

embodiments with reference to the appended drawings.



20 layer can be further placed on the top of the layer of thermal insulation material. The sealing layer
covers over the layerof thermal insulation material so as to isolate it from the outside air. Preferably in
the above radiation heat-exchanging ceiling plate an aluminum foil can be used as the metal foil and
glass wool or mineral wool can be used as the thermal insulation material. The aluminum foil, the glass
wool and the sealing layer can be stacked up or laminated to form a layer of aluminum foil/glass wool

insulation nﬁﬁé@b&gﬁ?@g@ﬁ%@@gﬁ%%lﬁ%&gﬁﬁmg system of the present invention (i.e. the ceiling

conditioning system wi eat-exc ceiling) is not easy to dew when in operation. It
belongs to a real quite air conditioning system without any noise because both its compressor and
pumps can bBgpisced outsidecxploleve iy rovaniintide ridietoiarhedieaxdxangmygngeilengl 0 of the
ceiling conditioning system the inlet temperature of the coolant can be 5 C higher than that of an
ordinary airazmulidiongng systeombodithentddahie pyesaitiia vantlom3 C higher than that of an ordinary
air conditioning system with same comfor level. Therefore compared with an prior air conditioning

system the Hiagtecoplingaaidie@iditieninicsykiethok Hipadrasehiel btingntiorotiagha higharienergy
efficiency and will save energy in about more than 30%. Thus the direct-cooling air conditioning

system of t%@ﬂ%ﬁdﬁg@ﬂ@%@ﬁﬁ%@@@é@fﬁ?@%d” &%mé‘ﬂiﬁbd'ime@hife@f_mﬁ@”q:@gs%@diti_0ning
system of the present invention (i.e. the ceiling conditioning system with radiation heat-exchanging
ceiling) and;f{hg.gf sadiation heat-exchanging ceiling plate thereof will be further understood through
the following illustrative and non-limitative description of preferred embodiments with reference to the

appended qrawipgss Brief REREHRYIARS fRNGRPWINRe direct-cooling air conditioning

system according to one embodiment of the present invention.

The numerals in the drawing represent respectively: 1 metal ceiling plate, 2
10 heat-exchanging coil, 3 glass wool layer, 4 coil brackets, 5 aluminum foil, 6
sealing layer, 7 heat pump system, 8 water-circulation system, 9 pump, 10
air heat-exchanging device, 11 water heat-exchanging device, 12 fresh flue,
13 fan, 14 inlet, 15 outlet, 16 heat-exchanging coil for fresh air, 17 heat
pump, 18 throttling elements (such as capillary or expansion valve), 19
15 sealing strips, and 20 a plurality of radiation heat-exchanging ceiling plates

in each room.
Detailed Description of Preferred Embodiments

One of embodiments of the radiation heat-exchanging ceiling plate of the
present invention is shown in Figure 1 and Figure 2, including a metal
20 ceiling plate 1 and a radiation heat-exchanging coil 2 in which the
heat-exchanging coil 2 is placed on the top of the metal ceiling plate 1. The
heat-exchanging coil 2 is adjacent to but does not contact with the metal
ceiling plate 1. A layer of glass wool 3 covers on the top of the

9



Figure 1 is an explosive view of the radiation heat-exchanging ceiling according to one embodiment of
the present invention; Figure 2 is a diagrammatic sketch showing the structure of the radiation 5
heat-exchanging ceiling according to one embodiment of the present invention; Figure 3 is a
schematic flowchart of the direct-cooling air conditioning system according to one embodiment of the
present invention. The numerals in the drawing represent respectively: 1 metal ceiling plate, 2 10
heat-exchahgitgecaih ihglags wodl Laydihe ogipbraskefacs alfirttieumdail €sdaiiggphater,17 iseat pump
system, 8 water-circulation system, 9 pump, 10 air heat-exchanging device, 11 water heat-exchanging
device, 12 feeghigjel M8ifdn chilirdeackeutet, TitcheailekehakgingLairéonfradd dioty peat pump, 18
throttling elements (such as capillary or expansion valve), 19 15 sealing strips, and 20 a plurality of

radiation hemfe@fydlaé@iﬁmeﬁii?gxﬁtﬁaﬁdn eakh ieome AetaidrhReserividn DfiFrefsritid EmRodiments
One of embodiments of the radiation heat-exchanging ceiling plate of the present invention is shown in
Figure 1 angEigHiE ssdfkltding a metal 20 ceiling plate 1 and a radiation heat-exchanging coil 2 in

which the heat-exchanging coil 2 is placed on the top of the metal ceiling plate 1. The heat-exchanging

coil 2 is adjacent to but does not contact with the metal
5 "A layer of aluminum foil 5 locates under the layer of glass wool 3. The

aluminum foil 5 is positioned between the heat-exchanging coil 2 and the
layer of glass wool 3. There is also a sealing layer 6 on the top of the layer
of glass wool 3. The sealing layer 6 covers on the layer of glass wool 3 so as
to insolate it from the outside air. The aluminum foil 5 can also be replaced
10 by a copper foil, and the layer of glass wool 3 replaced by another insulation

material.

One of embodiments of the direct-cooling air conditioning system of the
present invention is shown in Figure 3, in which a radiation heat-exchanging
ceiling is used. The direct-cooling air conditioning system includes a heat
15 pump system 7 and a water circulation system 8 in which the water
circulation system 8 further includes a water circulation loop comprising a
circulation pump 9, an air heat-exchanging device 10, and a water
heat-exchanging device 11. The air heat-exchanging device 10 exchanges
heat with the outside air, and the water heat-exchanging device 11
20 exchanges heat with the heat pump system. The water circulation system 8
comprises a plurality of radiation heat-exchanging ceiling plates as shown in
Figure 1 with their heat-exchanging coils 2 being connected into the

circulation loop of the water circulation system 8.

10



ceiling plate 1. A layer of glass wool 3 covers on the top of the heat-exchanging coil 2. The upper
surface of the metal ceiling plate 1 is equipped with coil brackets 4. The coil brackets 4 are made from
poor thermal conducting material, and the heat-exchanging coil 2 is installed on the coil brackets 4. 5
A layer of aluminum foil 5 locates under the layer of glass wool 3. The aluminum foil 5 is positioned
between the heat-exchanging coil 2 and the layer of glass wool 3. There is also a sealing layer 6 on
the top of thEHayabo¥ ¢glabsavtai@liiie sealountyarticgveystemthealayrdigtasempnisd so as to
insolate it from the outside air. The aluminum foil 5 can also be replaced 10 by a copper foil, and the
layer of glagsesiodi GerdPawdddby iaredoéppesliiidn angieried. Qhe ohkrnlddofiehts fattheflirect-cooling
air conditioning system of the present invention is shown in Figure 3, in which a radiation
heat-exchan@ingsceilingosnaadidhfoairesithoatieg aiitdetianintaavstery ipaleesid heatikb pump
system 7 and a water circulation system 8 in which the water circulation system 8 further includes a
water circula§ainRRR GRTOR %t 215 GHIATBP RHMA hait-akheat e BginpriRyichdh and a water

heat-exchanging device 11. The air heat-exchanging device 10 exchanges heat with the outside air,

and the yuatgr BRI AGINBIEH RO PXCIRORSISEHIR-10A BRRLRIHRIY FRfpTbe water

circulation sys 8 comprises a plurality of radiation heat-exchanging ceiling plates‘as shown in

Coue L e RN en e IR PR BRCLRNE
T S A R s Rl R B

outdoor air,pan ein g'cal

fresh air buffering which is positioned between the pump 9 and the heat-exchanging

coil 16 for fresh air. The evaporator coils of the heat pump system 7 are
10 1installed in the water tank for thermal buffering.

A solenoid valve can be equipped in the fresh flue 12, and a solenoid valve

can also be placed between the pump 9 of the water circulation loop and the

heat-exchanging coils 2 of the radiation heat-exchanging ceiling plates (not

shown in the figures).

15 As another embodiment of the direct-cooling air conditioning system of the
present invention the water circulation loop can have an additional water

tank for thermal buffering.

11



5 is placed within the fresh flue 12, and it is connected between the pump 9 and the heat-exchanging
coils 2 of the radiation heat-exchanging ceiling plates. The water heat-exchanging device 11 can be a
water tank for thermal buffering which is positioned between the pump 9 and the heat-exchanging coil
16 for fresh air. The evaporator coils of the heat pump system 7 are to installed in the water tank for
thermal buffering. A solenoid valve can be equipped in the fresh flue 12, and a solenoid valve can also
be placed between the pump 9 of the water circglgi] op and the heat-exchanging coils 2 of the
radiation heat-exchanging ceiling plates (not shown in the figures). 15 As another embodiment of the
direct-cooling air conditioning system of the present invention the water circulation loop can have an
additional waterl tan fditberraabbuife iy . cOtal honing A yistencootinr s rditicaingepspem
comprising a heat pump system and a water circulation system, wherein said water circulation system
comprises aysaten cindatiomlatmy whicufatibar sgstprisesshdreimulsdinh peatgy, anraulation
heat-exchanging device and a water heat-exchanging device in which said air heat-exchanging device

exchanges spatwithciheptitside ainanctsaid walatibeatiowphantiing dévichaxdwamngeisbeanwith said

heat pump system, wherein said water circulation system comprises a purality of radiation 10

heat-exghaeﬁiaﬁlﬁﬁiﬁgg piﬂlﬁ’&pf,vhi%fwﬁi@r C‘h@tﬁﬂéﬁéﬁﬁﬁgﬁ ilingepltes aniiheat-exphgstging coils
in which said heat-exchanging coils are fixed on the top of said metal ceiling plates in such a way that

said heat'eh@&%-r@&ﬁagﬁ#ﬁq_%r BAHAESHL Phth dARPARORERE AN 3R MReRl RN PipiRgednd there

is a layer of thermal insufation material on the top of said 15 heat-exchanging coils, wherein said

heat-exchapgifo Geif? e GRCIER!SH AR AA"St AL IR RORAAIY WARLEISURIRgaytem,

heat with said heat pump system,
wherein said water circulation system comprises a purality of radiation
10 heat-exchanging ceiling plates which further comprises metal ceiling plates
and heat-exchanging coils in which said heat-exchanging coils are fixed on
the top of said metal ceiling plates in such a way that said heat-exchanging
coils are adjacent to but do not contact with said metal ceiling plates, and
there i1s a layer of thermal insulation material on the top of said
15 heat-exchanging coils,
wherein said heat-exchanging coils are connected to said water
circulation loop of said water circulation system, and
wherein coil brackets for supporting said heat-exchanging coils are
installed on the top surface of said metal ceiling plates, said coil brackets are
20 made from poor thermal conducting material, and said heat-exchanging coils

are mounted on said coil brackets.

2. The direct-cooling air conditioning system of claim 1, wherein one

12



wherein coil brackets for supporting said heat-exchanging coils are installed on the top surface of said
metal ceiling plates, said coil brackets are 20 made from poor thermal conducting material, and said
heat-exchanging coils are mounted on said coil brackets. 2. The direct-cooling air conditioning system
of claim 1, wherein one or more layers of metal foil are placed on the bottom of said thermal insulation
material and positioned between said heat-exchanging coils and said layer of thermal insulation
material. 531T maatiee trgeniingf aimetaldifioniraysyplacedf oairthe, Whttamin afesdiny thpenialinstalled
on the top of said layer of thermal insulation material, and said sealing layer covers over said layer of
thermal insutatidatioatetiated dsdndspladetivfred eevoetsideafdr Hedt-Ekeldingdihgootily aind
conditioning system of claim 3, wherein said metal foil is aluminium foil, said thermal insulation

material is gl@i@mwy@ﬂ,(ﬁngmﬂaﬁa@imggmtmfgﬂ_, said glass wool and said sealing layer are
stacked up to form a layer of aluminum foil/glass wool insulation material. 155. The direct-cooling air

conditioning system of claiml further comprising a fresh flue, wherein said fresh flue is equipped with a
fan, the inlet of said fresh flue is in communication with the outdoor air, the outlet of said fresh flue is in
communication with the indoor air, a heat-exchanging coil for fresh air is mounted within said fresh

flue, ang said hpat-grghanigies-20sWil fonfres miriiscanaesieddaturenlsain drcwaiginump of said

water circulation system and said heat-exchanging coils of said radiation heat-exchanging ceiling

plates.  sealing layer is installed on the top of said layer of thermal insulation
material, and said sealing layer covers over said layer of thermal insulation

material so as to isolate it from the outside air.

10 4. The direct-cooling air conditioning system of claim 3, wherein said
metal foil is aluminium foil, said thermal insulation material is glass wool,
and wherein said aluminum foil, said glass wool and said sealing layer are

stacked up to form a layer of aluminum foil/glass wool insulation material.

15 5. The direct-cooling air conditioning system of claiml further
comprising a fresh flue, wherein said fresh flue is equipped with a fan, the
inlet of said fresh flue is in communication with the outdoor air, the outlet of
said fresh flue is in communication with the indoor air, a heat-exchanging
coil for fresh air is mounted within said fresh flue, and said heat-exchanging

20 coil for fresh air is connected between said circulating pump of said water
circulation system and said heat-exchanging coils of said radiation

heat-exchanging ceiling plates.
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6. The direct-cooling air conditioning system of claim 5, wherein said water circulation loop further
comprises a water tank for thermal buffering which is positioned between said circulation pump and
said heat-exchanging 5 coil for fresh air. 7. A radiation heat-exchanging ceiling plate used for an air
conditioning system comprising a metal ceiling plate and a heat-exchanging coil, wherein said
heat-exchanging coil is fixed on the top of said metal 10 ceiling plate in such a way that said
heat-exchanging coil is adjacent to but does not contact with said metal ceiling plate, and there is a
layer of thermal insulation material on the top of said heat-exchanging coil, and wherein coil brackets

for supporting said heat-exchanging. coil are installed on the top surface of said metal ceiling, plate,
saic o brackdls art R0 GaG O Bao S CO LB e e WM Ging o
is mounted on said coil prackets. . The radiation heat-exchangi eili late qf claim 7, wherein
= layer of mUBIEHE LR oI HUHERS GO ten Al PGl ATOR ke St FoLisne
between said heat-exchanging coil and said Jayer of thermal insulation material. 9, The radiation
heat-excham{fi Eﬁcb‘iliﬂ%%’ié?@fiff B%ﬁ?ﬁeﬁfb\ﬁ?é s akding %é@%&%E@@ES@%& layer of
thermal insulation material, and said sealing layer covers over said layer of thermal insulation material
so as todisoftt kqFdeMReadlitside air.  10. The radiation heat-exchanging ceiling plate of claim 9,
wherein said metal foil is aluminium foil, said thermal insulation material is glass wool, and wherein

said aluminum foil, said glass wool and said sealing layer are stacked up to form a layer of aluminum
foil/glass wool insulation material.

7. A radiation heat-exchanging ceiling plate used for an air
conditioning system comprising a metal ceiling plate and a heat-exchanging
coil, wherein said heat-exchanging coil is fixed on the top of said metal

10 ceiling plate in such a way that said heat-exchanging coil is adjacent to but
does not contact with said metal ceiling plate, and there is a layer of thermal

insulation material on the top of said heat-exchanging coil, and

wherein coil brackets for supporting said heat-exchanging coil are
installed on the top surface of said metal ceiling plate, said coil brackets are
15 made from poor thermal conducting material, and said heat-exchanging coil

1s mounted on said coil brackets.

8. The radiation heat-exchanging ceiling plate of claim 7, wherein a
layer of metal foil is placed on the bottom of said thermal insulation material
20 and positioned between said heat-exchanging coil and said layer of thermal

insulation material.
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9. The radiation heat-exchanging ceiling plate of claim 7, wherein a
sealing layer is installed on the top of said layer of thermal insulation
material, and said sealing layer covers over said layer of thermal insulation

material so as to 1solate it from the outside air.

10. The radiation heat-exchanging ceiling plate of claim 9, wherein said
metal foil is aluminium foil, said thermal insulation material is glass wool,
and wherein said aluminum foil, said glass wool and said sealing layer are

stacked up to form a layer of aluminum foil/glass wool insulation material.
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