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 water-circuldiadisyticambeat dixchaniginigcAdl: EoeditianmgSywsenm 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 theamiaggﬁaﬁmgﬁ%geﬁm |@@ﬁﬂ{gﬁﬂ9{:@6@e ceiling and thus form

so-called "artificial rain™ in room. The prior ceiling condit 5 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 arce@dig¢islniielt-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 i a(eA 4SAR SPHISIE CDIAAISRUNTR AR RN ARYDg.RgRuTed inthe

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 enviropments are as follows: .1. The humidity in
moist areas is %%lllleﬂ?- ) ng &Va 8?%5’&88%%%% ' %3@8 Rl gsti(en Odﬂwgpoint
temperature is only few lower than 10 the ambient temperature. Therefore.it is easy for vapor to contact
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objects of whichX &F%Ser%‘& e iLWer & th SXW%%? %%Ugg W??grnliv% Ese objects. 2.

The prior radiat'{on heaﬁ chan in(f‘hceilin ipalel.{ggtseglﬁtal cefiiif%giﬁlate and heat-exchanging coil. The
e

e
heat-exchangingrec%lllﬁ% INstaned into the 1 grooves on 6f(%yo Aretal ceiling plate and contacts with the

metal ceiling plate directly. Therefore the temperature on the area in which the heat-exchanging coil
contacts with thAfestal climggtirditarbioviatipanand deudyoirtheenipegatare oin Hut apig¢$aAdist areas the
circulating water of a ceiling conditioning system 20 would be set at a temperature as low as possible for
effective codlingpBBeaiiga ittoHagdt-exdhahgfingheoinavintates irscthywitHe rpetar cefietion

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 cgnditionjing system or so-called ceiling
Conditioning sySaWs WNEF RIS 4IFBAEH HERPeiRo g St g Bl ARG #Y6 and which
can overcome ia((]eeav. dewi roblems occurred on both prior radiation 10 heat-exchanging ceiling and
prior ceiling condi dﬁﬁ]&@&gf} . 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 systdrharefiotedta swateessiacylsipnduofewahictedirtboling ladeadincutthgysienp, an air

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

ili lat d heat- I heat-exch e fi d n the top of th tal
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metal ceiling plates, and the e IS ﬁl%ier Ef ther aI |n :ﬁtlon material on the to[% of the heat-exchanging

coils. The heat %]S?cﬁ%]ﬁ%?ﬁ&e olts &?@d Su‘fé%(% %c?ﬂil SF WatEPkirculation 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 i a cambinal %@on 0 th ins rlgﬁaand th%arallel Preferab , In tBﬂe irect-cooling air

conditioning sy %%%’h BP AP eellgﬁt rcﬁll&zlf’@dsf?nn?ﬁ f‘Ehe thermal
insulation mate é}g the getal fQi f?'n be(g ced between the Zt exchanging 15 coils and the
layer of therma }fncé{lé gf TASLEHS ¥ Hg%? eI T T TEE8BSShe heat- -exchanging area for
the heat-exchanglng coils and thus improves heat-exchanging efficiency. As a specific embodiment of the
present inventidks innbghabosredifactesobidinadntonidithonipoesystem voiltracketdlier shpperting the 20
heat-exchanging coils can be installed on the top surface of the metal ceiling

direct-cooling air conditioning system a sealing 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 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



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 colil 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
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present invention, t
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 cails .of the radiafion heat-fxcha?rgin az{iiin lates. In such a design, the fresh flue can
|
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of the radiation heat-exchanging ceiling but also prevent the temperature of the, circulating water from
being lower that R R0 Tt TS e RS B B S THBERy S I B ey B Rehing into the
heat-exchanging coils of the radiation heat-exchanging ceilin tes. Therefore dewing will be avoided.
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the circulation pump an the hedt- xchanging coll for treshiait. n Such a design circu ating water has a
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another specific embo e direct-cooling air conditioning system of the present invention, the

fresh flue is equi [ lenoid valve 0 i [ I t the cifeulating pump
of the water cir?t?gﬁ%w\ﬁg%g} aﬁrfliéie tﬁ%%%%t-%ﬁ@%n%ﬁé%@ﬁ%%%@ %%d%ﬁ{éﬁ%%iggtﬁg?(?ﬁgn%gng ceiling.
Such a design ﬁ%ﬁt%&’&ﬁfﬁ?ﬁ%@o@?mg easily adjusted and suitable for central air conditioning. As
another aspect the present invéntion is to provide a 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 ¢ iﬂn(crg %Bte, an theﬁg is a IE erof t gﬁ]mal inséliliation.mat%rial on the Bogp ofé{?e
neat-exchangint Uit bRANsthy i UR b AR GTine YRl PRI g SAReP Haset of metal fol
can be further placed on the bottom of the ther insulation 10 material. That is, the metal foil can be
iaced betwoet En0h B ARG T AT e L LA Hod B GH matHa oS ably m e
above radiation hef;lt-exlchan inlg Beilirg Elaf}e coil biacketst fartsu%)ortinglthe heflt- xchanging coil can be
installed on thest%aplggrfa?élgro e Metdl ¢S mlépp%rte WhERER the CoilbracketE An"De Made from poor 15
thermal conduc%i(plg/ rrl]%tseria(l)gpﬁlhgfa 1'%5%1 'elri‘a?UCh a design a correct positioning between the
heat-exchanging Cofl and the metal cel Ing p &6 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 5 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 invention 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
material. 5 The BineftIdesdiriphomsofatititveiddyraysirgs 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 condiipgingesYSIRm QUi ARYAIRG begeRe halIR SOHBIESRenafg: U an be placed

outside and there’is no fan inside. Due to large heat-exchanging area 10 of the Telling conditioning

system the inlet fempertyse, fe@&ﬁBﬁﬁHé%‘f?ﬁép?eE&'?%@%ﬁﬂéﬂ?t 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 comiopgively Tese(pig cpfRtRdNER ATAUNIAY eROHIRRINISKRRR e flfesi cooling air

conditioning system of the present 15 invention has a higher energy efficiency and will save energy in

about more i’rhaﬁe%(??é’xaﬂﬁh'%ﬂig d@&ﬁtngooilﬁlﬂ)ﬁﬁlf?nﬁﬂﬂ%ﬂeg SyeaatHie of e El’_é@@ﬂ?n has a 9_00d
prospect in the market. The direct-cooling air conditioning system of the present invention (i.e. the ceiling
conditioning systRinith 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 embogjgaatswith seferrifaiie thewerandef diawings:-EsisideseriRtinnadontie Drawings

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

coi 3 glnss woB BRI AHbIS: oL ErHRRh T & CollMay e FEARR S e, &

water-circulation system, 9 pump,.10 air heat-exchanging device, 11 water heat-exchanging device, 12
fresh e, 13 fAb TR TR PRGBS o S P TS oot
elements (such as capillary por expansion valve 15 sealing strips, and.2Q a plurality of radiation
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embodiments of;the rﬂdé%g&egtepé t-exchanging ceiling plate of the present invention is shown in Figure 1

and Figure 2, inttl:llﬁgﬁlg a meta 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 Aoayabtaddoptaingmtheimatipcates 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-exchangi il d the | f gl | 3. There is al ling| 6 onthet f the |
of glass wool 3. The Ly & BVEre o thaGLJEP By ST S LR et fom the

ropiaced by andURSY 1IUGtoN MR LT Sl B of e BIFeeBbilG O thfonng syster

of the present inyentions snown n Figure 3, which,a jadition heairexchanging peling g used. The
direct-cooling air‘conditioning systen includes a heat 15 pump system 7 and a Water circulation system 8

in which the water circulation syst: further includes, a water circulation | mprising.a circulation
3, am anr ORI AL RGO RN BI 0 SO RIS

heat-exchar%ging gﬁ\%{\%&]& J&Qiqﬁﬁhﬁ{égﬁ%ﬂ?%\@itr?thgn%?i%e c’%‘)‘ﬁ?ﬁeﬁeﬁ‘% gy@@@h&%@r{ﬁse @ging device 11

20 exchanges he the heat pump system. The water circulation system 8 com a plurality of

radiation heat-e«cﬁ%mﬂgi?%ﬁ&%}?%balc?gﬁfga&ﬁﬁ?‘ﬁnd? FIQUFG A5 tﬁ%%%@g@ggéggﬁ%ils 2 being

connected into the circulation lo water circulation system 8. ct-cooling air

condiioning sygieieanu thRe cauipliae AERILIMR 1 HICRSRAIRARA ik 3dpRtimEpe inlet 14 of

the fresh flue 12 is in communication w oor air, and its outlet 15 is In communication with the

indoor air. A heghAxehan@REAAL PO LRSI ween the pump 9 and the heat-exchanging
coil 16 for fresh air. The evaporator coils of the heat pump system 7 are

10 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 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.
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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 circulation loop &il@ihesheat-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 sysiem&f& &5888%@%?“@511% mrg Q{Qﬁii%lﬂﬁﬁ ﬁﬁ%ﬂ%‘ff"eé’{‘ gggﬁonal water

tank for thermal buffering. Claims 1."A direct-coo onditioning system compri heat pump

system and a Walgr Gl CHIREION YASMMUALRIBFAGWAIET SHIRYBLPN SYPISIIEP USRS R WAter

circulation loop which further comprises a 5 circulating pump, an air heat-exchanging device and a water

heat-exchanging dieedonisdsaid Alipatexahanaingdip s rrhaRgRSneahifi e guiside air and
said water heat-exchanging device exchanges heat with said heat pump system: wherein said water

circulation syst%m&gm%se%@walitglpf ragiatigeaiocReakexaanaiRgesilingnRlates Whigfa further
comprises metal ceiling plates and heat-exchanging coils in which said heat-exchanging coils are fixed on

the top of said melalGeiling RV QUEh WHYal Haal %ﬁ%@@@&%@ﬁ@ﬂ@@&@i&%ﬁcﬁgﬁg‘&m to but do
not contact with said metal ceiling plates, and there is a layer of thermal insulation material on the top of

said 15 heat-exgbanging ¢RHSo@tHe neERin said Reatereharaifthgisa R cRIINectedig&aid water
circulation loop of said water circulation system.
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 is a layer of thermal insulation material on the top of said
15 heat-exchanging coils, and

wherein said heat-exchanging coils are connected to said water

circulation loop of said water circulation system.

2. The direct-cooling air conditioning system of claim 1, wherein one
20 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.
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2. The direct-cooling air conditioning system of claim 1, wherein one 20 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. 3. The direct-cooling air conditioning system of claim
1, wherein coil brackets for supporting said heat-exchanging coils are installed on the top surface of said

tal ceili lates, sal i|.bracket nade f th I i terial, and said
Poatoxchangmg csis A1 AUTRCH O Al SO SYRRRE, V3 ih B LB oG Borlioning system
f f th ' Ims, wherei ling | is install the t f said | f th I
nstlition matoRH A 0t NG o A Sosr S TR, 6 0t 1 ) HCORUDS hlria 0 s to

isolate it from the (%utsid air, , 5. 'me diﬁect-ccioyng air. ondi't' ninlg %g/stem of clajm 4, wherein said
L surace o said metal ceiling, plates. said col ll?rac el s made trom poot ' . .
metal foil is aluminium foil,”Said thermal insalation material'is gtass wool, and wherein said"aluminum foll,

said glass wool ang eaid sealinglayer are.15,5R<Ke oo form aaer of elyminum ol clgss wool
insulation material. 6. The directcooling air conditioning system ne of the preceding claims further
comprising fr%§l§1 fl’.ﬁh@eﬂ%’ égssaid fresh flue is equipped with a fan, the inlet of said fresh flue is in
communication Wlﬂ'l the oor 20 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 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.

4. The direct-cooling air conditioning system of one of the preceding
claims, 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

10 1nsulation material so as to isolate it from the outside air.

5. The direct-cooling air conditioning system of claim 4, 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

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

6. The direct-cooling air conditioning system of one of the preceding
claims 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

20 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 coil for fresh air is connected between said circulating
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7. The direct-cooling air conditioning system of claim 6, wherein said 5 water circulation loop further
comprises a water tank for thermal buffering which is positioned between said circulation pump and said
heat-exchanging coil for fresh air. 8. A radiation heat-exchanging ceiling plate used for an air 10
conditioning system comprising a metal ceiling plate and a heat-exchanging coil, wherein said

heat-exchangi il is fi the t f said metal ceili te i h that said .

heat oxchanginBLEST & AACBALES HEX QLS ROy S5 Rt LN A DAL ahefifere is a layer
of thermal insulatiénn material on (t#e to]% of Salllld he?t-exchanging coil. 15 9. The radiation
heat-exchanginlij1 ba}hlr?él §ﬁ% SRMET Swhie %%?&?ﬁer of metal foil is placed on the bottom of said

thermal insulation material and positioned between said heat-exchanging coil and said layer of thermal
insulation material. 20  10. The radiation heat-exchanging ceiling plate of claim 8, wherein coil brackets
for supporting said heat-exchanging coil are installed on the top surface of said metal ceiling plate, said

coil brackets are made-fipmypeef thesmmal SonduRtingomateriak@nd seid Nsrlsexeherging#ail is mounted

on said coil brackets. 511. The radiation heat-exchanging ceiling plate of one of claims 8-10, wherein a

sealing layeg iS_m‘%fk&ﬂéﬂ%ﬁ%Qﬁ %iﬁﬂéi/%*o%ﬁﬁ?ﬁ'@@ Wﬁt&?ﬂﬁﬂﬁ%&efﬁérﬁﬁﬁ %ﬁe‘f ing layer
covers over said layer of thermal insulation material so as to isolate it from the outside air. 1012. The
radiation heat-exghanginesribH2 PBéevRiGlaimdldinNarRIA paithp and said heat-exchanging

coil for fresh air.

8. A radiation heat-exchanging ceiling plate used for an air

10 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
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.
15

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

insulation material.
20

10. The radiation heat-exchanging ceiling plate of claim 8, wherein coil

brackets for supporting said heat-exchanging coil are installed on the top
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metal foil is aluminium foil, said thermal insulation material is glass wool, and wherein said aluminum foill,
said glass wool and said sealing layer are stacked up to form a layer of aluminum foil/glass wool
insulation material.

surface of said metal ceiling plate, said coil brackets are made from poor
thermal conducting material, and said heat-exchanging coil is mounted on

said coil brackets.

5 11. The radiation heat-exchanging ceiling plate of one of claims 8-10,
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 isolate it from the outside air.

10 12. The radiation heat-exchanging ceiling plate of claim 11, 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



