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a method of operating the air cooling and air
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basfgeat i ng ceilings, suspended cooling panels, etc.

whi ch sinul taneously form enclosure surfaces of a

room The heat exchange takes place by heat
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convection, one known approach (patent specification
produEe198d et a2e 7n awst Beplicetieliss pier leadinialto gpyrosiabe mats in

a predomnantly flat arrangenent in a shaft so that

the air circul ation takes place between two vertically
As s paeed oapmiﬂingpbeﬁm@sacdkwtagest inbas ibkérreknmyedged that plastic

capﬂg%] btt)éll.rﬁub 8ryrseu§a aslar}n%%\s (%S:fg %\édu%] g pegbefa}chfarqgé Qﬁface.
Theg aod warg.vei‘mmnertermshef theatuse, for example for shaping making cooling
and heating ceilings, suspended cooling panels, etc., which simultaneously form
enclosure surfaces of a room. The heat exchange takes place by heat conduction,
convection and radiation. These constructions cause a room to be cooled but they can

and should not produce intensive air cooling as a resutt.

For the special application of cooling air by convection, one known approach (patent
specification DE 198 06 207 C2) is to dispose capillary tube mats in a predominantly flat
arrangement in a shaft so that the air circulation takes place between two vertically
spaced apart openings due to the differences in density between the air in the shaft and
that in the room. This also results in the concept of silent cooling. However, the heat

exchanger will only operate at an appropriately high vertical shaft height, the air flow is
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anmount of space required due to

The disadvantages outlined above are avoided by the solution described in DPMA 103
13 384.4 (European patent application number 03016203.6), which is characterised by
plastic capillary tube mats disposed in a spiral shape and with a radial air inlet. The
disadvantage of this approach, however, is the large amount of space required due to
the cylindrical heat exchange geometry, which means that it can be used for air-

conditioning purposes in office and living spaces to a only limited degree.

In terms of practical applications, the known solutions outlined above are controlled on




the cylindrical heat exchange geonetry, which neans

that it can be used for air- conditioning purposes in

office and living spaces to a only limted degree. In
ernms of practical applications, the known sol utions
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whi ch means that there is Ao active possibility of

controlling the air humdity in the room The
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- it should be possible to direct the flow in a thermodynamically conducive

arrangement;

- it should be possible to achieve intensive air cooling and air dehumidification due
to a high convective heat exchange at the surface of the heat exchanger

element;

- it must be possible to control output according to room temperature or according

to air humidity in the room;

- if the air cooling and air dehumidifying module is used in conjunction with a
cooling ceiling or with other cooling surfaces in the room, it must be possible to
control the temperature of the room actively and simuitaneously also the air

humidity of the room.
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i ntake of the capillary tubes due to the short

Thet S@rdppstiinadiafe btiawdepgtie robhtresh e bags SMed charactensmg
di aneter of the capillary tubes (as a rule snmall

fealurapriefinpeyn ‘éﬁ'a‘sdh%‘dt@ fyeaterinlagr @F‘EOBI’P'P%ftV@"‘fW?@waslcﬁ%“b'e

to it QURaEdN mse@%k% heaT@xehé?@ék aL@scd B‘@Ca@%@%ld‘sﬂ& CEbi'ﬂary tube
arrangements on the heat exchanger surfaces which are

matgeie uaed y‘\ 800 coRStive Bl Xchandfeiatacticy e g éresheat exchanger
surftaegrtﬁmﬁ FH@ Qr'aﬂgvé?ﬁe %ﬂ‘aget i ﬂheo REHA Y tlﬁfescbl?@r\bn%e Bhort

arge S face i s achieve in the snal I'est pOSSI
thergmgammlmlenb@ acbmvpa Oy tlﬁeaasrdalhglamﬁﬂarmf th mﬂhagy tubes (asa

rule s%%J?|%P!h%ﬁ36 rﬁr?l()ignc%ué {?)qtﬂg égcﬁfa J{pe o?t%gﬁ@tdé%lth Tco %gﬂ?\%&éﬁcket.

€ss assunes t
Thisbhaeates thbeaeddonfihi amragenfants asthe heat ebechiaoger, surfiaces which are

sonBle A g heG8a o BSCaGRART Bty Bloy InEShglfive option
for elkadnaggerlar@leedmﬁabe nsAaptaevmﬂenmethﬁ@EsCaﬂsﬂﬂ)Is&pbee due to the

dto,t t / ddi t
conipireCteldita g avpimo it sy SOt e SoR bt S A g acket
moreltg le8Blasplifes (rRASHARBf a CuisoiaduANfae06ffdr ideal cnditfont g use in
f this heating e neering is the fact

effi.cienc
devichan BRI r6o0 g SRR Lhh DG AIG8 GReh G REaplg. and fo
repla&ing tife Mt etxbtaénqhetr eRimgrrily Pl rcul ates in .
counter-flow with the water circulation. It is of
particul ar advantage froma construction and heating
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core region is Identical to the pressure chanbe
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coum;tfer-ﬂol\:vsqcﬂhatbeatazlt@r criculatioh.et fittings in the pressure
chanber and the design of the housing, whichis
conducive to introducing air into the roomin a

Itis sfpeeiidular adasintdge @oeh ngpretruvtdverand heating engineering point of view to
use mat packets with a core region which is identical to the pressure chamber for
distributing the air because this solution takes up a particularly small amount of space

and a priori results in a thermodynamically conducive counter-flow.

Other advantageous features of the air cooling and air dehumidifying module are the
arrangement of air distribution systems in the pressure chamber, the use of
displaceable air inlet fittings in the pressure chamber and the design of the housing,
which is conducive to introducing air into the room in a specific way depending on where

the module is disposed in the room. For example, a source air passage can be formed




the nodule is disposed in the room For exanple, a
source air passage can be forned N O 2007/012344
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advant ageous enbodi nent, a conplete housing is
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the mat packet in a foil with appropri ate perforati ons
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di sposed one after the other in the air flowin
series, conprising folded and/or wound pl astic
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advantage to install several fans and/or shaped pieces which help to direct and deflect

the air.

The air flow distribution in the room to be air-conditioned can be further improved by

encasing the mat packet in a foil with appropriate perforations or an appropriate fabric.

One special option for improving performance, i.e. for cooling air and dehumidifying air,
is to use several mat packets disposed one after the other in the air flow in series,
comprising folded and/or wound plastic capillary tube mats which are connected in

counter-flow at the water end. To improve performance still further, several cold water
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consecutive mat packets may al so be provided. In
anot her enbodi nent, external air is directed partially
or excl usively into the pressure chanber, as a result
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be hygienic also undergoes a tenperature and/or
hum dity change. In order tf inprove conditions for
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surfaces in a special way, for exanple to cool warm
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The nethod is al so desi gned to increase efficiency

fromthe point of view of primary energy use because,
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is cooled with a Iom1exerg|c flow - for exanple due to
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etc.xei l i ngs and suspended cool ing panels, the anbient
air can expediently be drawn fromdirectly underneath
the room ceiling, i.e. via the cooling surface.

The method is also designed to increase efficiency from the point of view of primary
energy use because, if the system is designed to operate at a low cold water
temperature - which causes dehumidification due to condensation of the water vapour in
the air as desired - and as high as possible a cold water temperature is used for the
cooling ceiling, the room is cooled with a low exergic flow - for example due to a high

proportion of ambient energy.

Special additional features are used which permit a practical and space-saving
deployment of the air cooling and air dehumidifying module in conjunction with different
types of cooling ceilings. In the case of open cooling ceilings and suspended cooling
panels, the ambient air can expediently be drawn from directly underneath the room

ceiling, i.e. via the cooling surface.
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conjunction with the co-operating cooling ceilings

and/ or suspended cooling panels. Depending on the
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passi ve basis so that the humdity of the room
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conPaI dyisfh ah vAiMABAROB el rBoias Mot BbolBE BRATHE ald5€ n6f dehumidified
ener%é resources i s an automatic control system based

withgHfixeRly dshipediyesbolivaliasionane eikbess activies istdetiberaisly dgpensed
withPr oducing optimum heat and physi ol ogi cal conditions

in the room This nmay be achieved by using a

m cro-conputer, for exanple, which as a priority
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and piheyctsutiart @dmanrhmoh@uqmmnalcmatddebemwean@nd air
cooling and air dehum difying nodule and the cooling
ceiling or suspended cooling panel in series

Of particular advantage in terms of economic use of energy resources is an automatic

control system based on the objective of minimum exergic operation whilst producing
optimum heat and physiological conditions in the room. This may be achieved by using
a micro-computer, for example, which as a priority operates energy consumption based
on water at a temperature as close to that of the room as possible and optimises the
power distribution between the air cooling and air dehumidifying module and the cooling

ceiling or suspended cooling panel.

It may also be of practical advantage to connect the water-end air cooling and air

dehumidifying module and the cooling ceiling or suspended cooling panel in series




[11 WD 2007/ 012344 PCT/ EP2005/ 008209 8 because the

cold water at |ow tenperature causes dehum dification

in the nodule and the higher return tenperature out

of the nodul e serves as an intake for the coolin
WOH070htp4dr suspended cool i ng panel . By carePGWﬂ?%Ooyown09

adapting the output, which is determ ned by the

modul e size and the ceiling size, condensate can be

prevented from formng on the cooling surfaces of the
becapminemold Walpe At lPyrienPEIatye cexprsdefidificatiandn fig mpyule and

the ?)Q%%Wr%Fmtén%&&%ﬂQ But & BEINBE RS sBfves FLAHINRRL B the cooling
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using a folding and/ or w ndi ng technol ogy, thereby
formiag gntthegoslingasayriegesene rg@dmet ry resenbl i ng a cuboi d
shape; Fig. 2 shows different schenmatic cross-sections
of the air cooling and air dehum difying nodule with
Thesipgentain \itrzengepiained imimars eletait bglaw keiths rederéncdréo examples of
[ € re er; el is a schematic di agram of
em %"E'%% g“rucsg%gg% 'ééf}? A;']Ia%érzj(%necti on of the mat packets
inside the air cooling and air dehum di fyi ng nodul e
Oftéor directing the flow thernodynamcally wth a high
?%eporti on of counter-flow, Fig. 4 is a schematic
vertical section through an air cooling and air
. dehum difyin nmodul e wi th a rnat packet w.th a core
Fig FIGgoBs Sehents Soassncieds ot B8 et Bhcrbeiiciiadrads ub of one
or ntbte PeasHY ShiNakAlibd RRtAlding A dolwmbindfdr@hdifg technology, thereby
counter-flow Fi 5 1is a schematic |ongitudinal

oun g. A .
resuing NG %@raab@ﬁw@ry "43,39'@?’&'?9 8 CHRoid sBghenmati c verti cal
section through an air cooling and air dehum difying
nodul e with a mat Eacket with a core region, disposed
e
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Fig. 3 is a schematic diagram of the water-end, serial connection of the mat packets
inside the air cooling and air dehumidifying module for directing the flow

thermodynamically with a high proportion of counter-flow;
Fig. 4 is a schematic vertical section through an air cooling and air dehumidifying
module with a mat packet with a core region which is used as a pressure chamber, and
a guide system for the air and water flow in counter-flow;

Fig. 5 is a schematic longitudinal section through Fig. 4;

Fig. 6 is a schematic vertical section through an air cooling and air dehumidifying
module with a mat packet with a core region, disposed horizontally in order to reduce

the fitting height;

Fig. 7 is a schematic longitudinal section through Fig. 6 with a diagram illustrating an




exanpl e where sealing bodies are used, Fig. 8 is a
schemati ¢ | ongi tudi nal section through an air cooling
and air dehum difying nodule with a mat packet with a
core region wthout a conplete housing but with
WOI280EP 83344 bl anki ng pl ates for the mat packet PeAGER2985/008209
specific feature of a two-sided air intake in the
axial direction; Fig. 9 is% detail froma schematic
| ongi tudi nal section through an air cooling and air
exag@huheniefsgiaheg hedias arawi@de air is drawn fromthe room
fromunderneath by neans of a fan; Fig. 10 is a
detail froma schenmatic |ongitudi nal section thr ough
Fig.dhisa scheowitic hepgindinal sectide Huaudh 8y gifgoatiriuard &méﬁfélraudﬁymg
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blarikm/g ;piatessforrtbelmﬁsp@sketFargi th&]spesﬂaf%(uhercmal teoetiidegh zimntake in
thei I' ﬁe ?tl ng the disposition of air cooling and air

den ?ylng nodul es and a cl osed cooling ceiling

with the systems for supplying coI d wat er and

. characteristics roI rinc

Fio & 614 9931 43 & arfvar i GPLGPat oFtah iy El AR ofigend ar

dehaimidif@unddlilé Wheg fitddiavn frela wsiobedarare indérhesthdy means of a
suspended cooling panel is connected at the water end,

fanand the output is automatically controlled on the
basi s of the roomtenperature (variant X may al so be

repl aced by variant Y); IS a schematic di agram .
Fig.gf0 la datl Eoia weamcAcmg'taéwahmﬂpyutm@u%aU|a§ cooling and air

dehdWISINgSRGANE whBILAr @ &m@ﬁaﬁﬁﬂew&h ifidgh é&ﬂ/%'by' rfieans of a fan
connécted at the water end, and the OUtF E
O

and dnfegied Bings/fos datiecinD de ain Withdow REsss U

tenperature and the maxi mnum perm ssible room air

hum dity; Fig. 14 is a schematic diagramillustrating
Fig.t hie iglias pofsdnnation disbranh rillustratina gheardispasitiondehaini aioligg rgd air

dehgﬁ%ﬁﬁ n:ugshu?r am(}lggﬁ% (?%cﬁen% g{é]i,ui?gﬁ\?/ﬂh ﬁw%oéyﬂs@gn\/%ﬂ édd})ﬂnng cold

g cav
wat@ ity Fb23AdriF6CE PEPRCABO00B20ntral Orikgigle; 15 is a
schematic diagramillustrating the disposition of the
air cooling and air dehum difying nodule in
Fig.ctihjisimac tchamatict diagrasuspemdeant aadihg rapdpainedghuaridifyinigr mosiule,

dowﬂgtarlf\e,\g]m of which a suspended cooling panel is connected at the water end, and the
output is automatically controlled on the basis of the room temperature (variant X may

also be replaced by variant Y);

Fig. 13 is a schematic diagram of an air cooling and air dehumidifying module,
downstream of which a suspended cooling panel is connected at the water end, and the
output is automatically controlled on the basis of room temperature and the maximum

permissible room air humidity;

Fig. 14 is a schematic diagram illustrating the disposition of air cooling and air
dehumidifying modules in conjunction with an open cooling ceiling, and air is drawn from

the ceiling cavity;




out of the room from underneath the suspended cooling
panel; Fig. 16 is a schematic diagramillustrating the
di sposition of the air cooling and air dehumdifying
nodul e in conjunction wth an active and a passive

WO 208perdéd cooling panel, and air is drawn Rful/EFR093/@08209
roomthrough the ceiling cavity; Fig. 17 is a
schematic diagramillustratd ng the disposition of the
air cooling and air dehum difying nodule in
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which the air flow 10 "passes through the mat packets
coolingtrenehie r oom 9 to be air-conditioned. Cold water is
circul ated through the capillary tube nmats form ng the
mat packet, so that the air flow 10 is cool ed and .
Fig. dissis alebhemalic diedranalillustiptinghthe dineesitians ohag eiipcasdingvand air
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don iR R B o oo ATEH R o e FRRAGIEER Snah e HiKRBing
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nmet hods, for exanple by punping it out. An air
pressure exists in the pressure chanber 12 which is
Exammpgher than that in the room9. This is achi eved by
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externa?gpmens‘fo’ons virtually assume the geometry of a cuboid.

Example 2:

As illustrated in Fig. 2, the mat packets 1, 2 or 3 illustrated in Fig. 1 are disposed in a
housing 11, thereby forming a pressure chamber 12, from out of which the air flow 10
passes through the mat packets into the room 9 to be air-conditioned. Cold water is
circulated through the capillary tube mats forming the mat packet, so that the air flow 10
is cooled and also dehumidified (dried) when there is a drop below the dew point
temperature. Any condensate which drops out is collected in the condensate catchment
container 13, from where it is removed by known methods, for example by pumping it
out. An air pressure exists in the pressure chamber 12 which is higher than that in the
room 9. This is achieved by the action of a fan 17, which removes the air flow 19 from

the room 9 and conveys it into the pressure chamber 12.




Fig. 3 illustrates one option for thernodynam cally
i nproving the operating characteristic, because
several mat packets, for exanple of design type 2, are
connected in series in the path of the air flow 10 and
woaospotisascol d water is fed in counter-fl owPCTAERZ005/008209
end, the intake 14 lies outwards, the return 14a lies
i nwards and the cold watenjconnecting lines 16 are
di sposed as illustrated in Fig. 3. Exanple 4: As
illustrated in Fig. 4 and Fig. 5, using a mat packet
E of dgsi gn type 3 offers the possibility of using the
Xa0gi&9r egion 6 as a pressure chanmber 12. The advantage
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vent conpai cbrstructionl of the mbdlit isngscankiensdt e i s i ntroduced
via baffle surfaces disposed in a funnel - shaped
arrangenent. Fig. 7 also illustrates an exanpl e of

Exahiplegr at ed seal i ng bodi es 21 to prevent |eakage flows
of non-conditioned ajir. ract i

I .
BY qORirBS T RIRE 8. g Baid bice R OISt aBP et eRek P ared fin desian

typelButdinel RekzonIRNDLE tdthe hvheiBht, Qweﬁhlgcoolﬂﬁbhb HB HERGMIdifying
details show ng various dispositions of the fan or

modulfnis PEFICHRKY SURPlOrPOReRsR B ngeliPESaMYBH (o7 REMRIRTTUSE in
conjfuﬁet\‘BrﬁM'th @ddﬂﬁé c&fnrtwg%sh@r Spggﬁj{% dg@&%b&%l@'ﬁe@ﬂloﬂ €8 able to

be conveyed Into 12, The design
pasgfintp Hbe frap f;[crmntﬁyeeoéldés argnipek pRdensgigecatalimpprtuggntainer 13

o1l s O I 408 Ak Sl sl o connsat

catchment Container is of a smaller design, for example reduced to a gutter, and the
faling condensate is introduced via baffle surfaces disposed in a funnel-shaped
arrangement. Fig. 7 also illustrates an example of integrated sealing bodies 21 to
prevent leakage flows of non-conditioned air. It may also be practical to integrate these

if mat packets abut laterally with one another.

Example 6:

Fig. 8 to Fig. 10 illustrate details showing various dispositions of the fan or fans 17. The
air flow 19 out of the room 9 may enter from all sides of the housing in principle and
then be conveyed into the pressure chamber 12. The design of the fans 17 may be of

any known type, although roller fans and axial fans are preferred. The advantage of




12 roller fans is that they fill the pressure chanber

wth the air flow across a wi de intake surface. Fig.

8 illustrates a solution with two fans 19. This

vari ant ensures that the air flow 10 is distributed
wowonf/erasdy t hrough the mat pack in the eventPGT/EP2A065H08209

packet length 20. One fan can also be switched off in

order to provide an automatic control systemin

stages. For this reason, it may also be useful to use
rolleaddng isahatl théﬁhﬂ;thb?preﬁeptge cBainbkeuwith dteerir flowa@cdissecwide intake

the fa

surgRe i P nei TR P T £ "Gigh Bl Hidres M pe ai
flowi 10 ie gfstrtbeded mhlﬁohelyhbnmsghl thelrhat fFeich in the evehtud Bri@tggsackatdength

20. ?)ﬂe ?rngzgn {algg’ HF P@’g?h‘?fﬂ%f |8|orr<§)er$$]§gorwedelf$rf % ﬂ@g?ﬁggntgoq s?ytem in
stag’iﬁépﬂ@?ﬁ%ﬁe%@n}; hﬁ}eﬁ@l&bil tegusketul td hee hdditidnal tans 1&sFig. 8 illustrates
I [lustrate o the

b.b
the HRETBRMTgko" (R LPTa G T RGBT E 5P [ BTG RY mounting

flanGESTME €9 Ehows the fbh 17 Intsgrat@ties tRNBoLdIePN ﬂit F@aho(mlslrafaas the
or providing air cooling and air dehum d

solufigauPedingin IRwgsAsRe 19ssRs wchigved ey ditingg tedt &y fﬁpﬁ@eﬁtf ddrese
flttm‘@‘glnllaﬁ% dplebtea®d ﬁ’we"?@iﬁfng 190iHR8eS5H 97 8r, B4 illudfated 4@ thd Bidnking

he automatic control system From the point of
platenéwbdfa naxeedive. opeiiva ?@fHOf metarigl garmecheny of
advantage if the air cooling and air dehum difying
nodul e 22 is connected to a cold water network of |ow
Exatgrigpér at ure which causes the water vapour fromthe
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control circuits are: humdity sensor, 27, hunC]
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roorh hempemgeafm parte pf th¢ qqmgobggylt@fare humidlty sensor 27, humidity
controller (hygrostat) 29, temperature sensor 26, temperature controller (thermostat) 28.
The actuators in the closed loops are actuator valves in the cold water connectors in the
embodiment illustrated as an example. Generally speaking, however, other known
systems could be used, for example an adjustment of the temperatures or in the case of
controlling the output of the module 22, varying the throughput of air through the mat
packet, etc.. The separately acting humidity and temperature control circuits ensure that
the room is maintained in a predefined state. This results in a very high quality in terms

of the heat physiology to be obtained in the room 9 using simple means because the




controlling the output of the nodule 22, varying the
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module 22 and the suspended cooling panel 25.

Example 9:

Another special solution which can be of advantage in many applications is illustrated in
Fig. 13. The air cooling and air dehumidifying module 22 and the cooling ceiling, in this
instance illustrated as a suspended cooling panel 25, are connected in series at the
water end and the same water flow circulates through them, and the room temperature
control system controls the water throughput, although the air dehumidification can still
be controlled within limits because an actuator 30, for example a blind, influences the
volume of air flowing through the mat packet. This variant is of practical advantage if

only the maximum air humidity is limited and a maximum of cooling power is to be
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many applications is illustrated in Fig. 13. The air
cool ing and air dehum di fying nodul e 22 and the
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25 TOP el Mk hemsvaRengss waral ding iRt pre-cooled by the convective
action of the cooling surface 25. The air flow 23 to be introduced back into the room
passes out through the gap to the ceiling via the suspended cooling panel 25 so that the
air flow into the room takes place outside of the area covered by the suspended ceiling
panel. The main occupied areas, for example the workplaces at desks, are disposed
underneath the suspended ceiling panel as a rule, where they will feel the heat and
physiologically pleasant effect of the radiation cooling, and the lateral outflow of cold air
does not have an unpleasant effect. The architectonic design of the suspended cooling
panel may be such that outflow areas of cold air occur close to the wall. These air flows

are then distributed in the floor region in the same way as with the tried and tested

source air intake.




25, for exanple, so that the rising warmair is stil
not pre-cooled by the convective action of the
cooling surface 25. The air flow 23 to be introduced
back into the room passes out through the gap to the
woeeb/ong4yi a t he suspended cool i ng panel 25 BOTiHR200%/he8209
air flowinto the roomtakes place outside of the area
covered by the suspended cesling panel. The main
occupi ed areas, for exanple the workplaces at desks,
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shows an arrangenent of the air cooling and air
dehum di fying nodule 22 directly above the suspended
Exa@@d 1ag panel 25 which is particularly easy to achieve
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i'ntroduce the size o def i ned

cooling and air dehumidifying module 22 may operate on the basis of the known

circulating air mode. Another improved aspect of the method incorporates a controi of

the external air volume flow 19a depending on the time of day, occupancy of the room

the quality of the room air, for example.




WO2B0wWhitHH4has been adapted so as to achi eve

dependi ng on the nunber of roomusers or the vol une of

the room It is of advantage that this air flow

under goes a change of tenperature and hum dity and

thus largely enters the roomas an incom an air flow
CRHE&EP2005/008209

confortable roomair state as far as is possible. In

addition to this, another &r cooling and air

dehum di fyi ng nodul e 22 may operate on the basis of

List dferekerewane neimlewbat i ng ai r node. Anot her i nproved
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12
13
14

15

16

17
18

aspect of the nethod incorporates a control of the
external air volunme flow 19a depending on the time of
dapimecsiopadlycsyatdé naheacksd formtebdeydapdrst y of t he room

airy, for. e l.e, 2007/L0 4 008209 16

Li g'mS?S'Pré%ﬁ@g?@%"%ﬁ%%r% fof%é%ﬂbgrfg%‘/}]% yoqrggé abl e mat
packetnsionatgdsthylel rayepsckat Byrmeashy patdilgl eiradyigewitatopen core
packet formed by parallel winding 3 D nensionally

st &¥'®" nat packet fornmed by parallel w nding with open

CONGdtH &dh@mat pidith of the mat packet 5 Height of
acket 6 Core region of the mat packet 7

t he mat

Caﬁiq'gfépﬁtheuﬁ%t Rsickehe plastic capillary tube mat 8

Di gigré PHid othe 6@ltIpaekdton pi pe (so-called cores) of
the plastic capillary tube mat 9 Room the air of
whiCarillagy @99@#Ff@op'wwa@tﬂawwbﬁmﬁtdehum dified air 9a

EXinRtodd r; (ﬁ(@é?\%ﬂ&%&@%é@kof&'} of ine! difgictdagillary tube mat

pressure c Alr flow through the mat packet

11 Raous ithryait f whiek dusuppdpdmil coplgrrangtdehuptidiedpie
2' gher ED@md %ir%wlééé?cg?)ﬂt@%gﬁﬁfmir@%%_W@é?shré?@rﬁb_trﬁtbé}ef

4 | d water 1nta air cooling and air

deWirflos thydugh theddteadiked Col d wat er i ntake for the
coqoiugg ceiling or suspended cooling panel 15 Cold
wat er T8t urn fromthe air cooling and air

delruessiird yhargberddinlbea pressure higher than in 9)
Condensate catchment container
Cold water intake for the air cooling and air dehumidifying module
14a  Cold water intake for the cooling ceiling or suspended cooling panel
Cold water return from the air cooling and air dehumidifying module
15a  Cold water return from the cooling ceiling or suspended cooling panel
Cold water connecting line
Fan for conveying air into the pressure chamber 12 or the core region 6

Blanking plate of the mat packet

18a  Blanking plate of the mat packet with air intake orifice

18b  Blanking plate of the mat packet with air intake orifice and integrated fittings for

19

20
21
22
23

directing the air with low pressure losses

Air flow from the room for filling the pressure chamber

19a External air flow (atmosphere) for filling the pressure chamber
Length of the mat packet

Sealing body to prevent leakage flows of non-conditioned air

Air cooling and air dehumidifying module

Cooled and dehumidified incoming air flow to the room




15a Cold water return fromthe cooling ceiling or
suspended cooling panel 16 Cold water connecting |ine
17 Fan for conveying air into the pressure chanber 12
or the core region 6 18 Blanking plate of the nat

WOpA0ke12348a Bl anki ng plate of the mat packet PGFHEP2805/008209

24

25

26

27

28

29

30

intake orifice 18b Bl anking plate of the mat packet
with air intake orifice antZintegrated fittings for
directing the air with | ow pressure |osses 19 Air flow
f r Ghogedecootimgreéiong fil 1 i ng the pressure chanber 19a

Ex na iLr Lat mosphere) for filling the
prggéur?pghgﬁéggm&%%bLength of the mat packet 21
Se&uspgndsaidypoting pamatent | eakage fl ows of

non-.conditioned aif 22 Ar l.i 1d. air
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I nqempegataie senlsominttioe tduen r oom \ VO 2007/ 012344
PCl“ER%BPS/OOSZOB 17 24 Cosed cooling ceiling 24a
OpelMUBH! SR e AP ™M 25 Suspended cool i ng panel 25a

SuspRngRs f6aak icbgirResigdut WistdTupaRsi of @odru terhp@atur@ @hermostat)
Tegperature sensor Lg“the room 27 H%niqity ﬁnsor iﬁ it
¢ neopisalRTIS s rimiaiicntan eHRUCED P HCUSR Yubheadgon Rumidiy
f upgydr&ia9f roomtenperature (thernostat) 29

Controller for the dehum dification output as a

f uAstuatnr systepmier indeerdnmihgivelme ¢fyayifowing hropghApe mat greket
system for influencing the volunme of air flow ng

t hrough the mat packet WO 2007/012344

PCT/ EP2005/ 008209 18 Clains 1. Air cooling and air
dehum di fyi ng nodul e conprising plastic capillary tube
mat s




for air-conditioning a room conprising distributor
and collection tubes with flexible capillary tubes
extending in between, through which water is
circulated at a selectable tenperature, characterised
WO 074234 he capillary tube mats are shaped PE&TAEP2005/008209
conpact, dinensionally stable packet (1; 2; 3) by
forming layers (1), by windfng (2) wthout an enl arged
interior or by w nding (3?_vvith a defined core region
(6) so as to obtain a bodyf@aBSenbling a cuboid, in
that one or nore mat packets (1; 2; 3) are disposed in
a housing (11) with orifices so that a pressure
1. chahibeolind 2hd i deheaiddfdingtraodute ebmprisiag plaslioeariliagy tube mats
be ; N nt | NUo . . ns,. of ( ;
fr 3% S PR doS Rl Sk harih R oRTRA"End Gol B s wit
ai flekibmeaplia)y tabesiexending nfbetvesge ttrovgl whichivatdrfirecirculated at
pressuyr e qh:fmber &12) t hrough the mat packet or
pacf’kse esc"('tl? ‘ﬁ“p%;)a d%e to the pressure difference
pr ewarddtedgséeingai t he pressure chanber (12) and room
(9). 2. Air cooling and air dehum difyi ng. nodul e as ,
G Mieraipilory LPSA PR as PO RSN E R Gplp Packet (1
ci rz@@?]@ylf@nnihbnw&@ (Hheyr@hdipgqBewvithdat & edlardedl BRIDESr by
by a hi gher .Pressure in the pressure chanber 512) :
t handIR@ (i withhp 8ebnadeoqrR regien (ot 910 ObIAk 3 Redy Kisgmerng a
prespsipe occurs due to the fan (17) connected on the
pressure side. 3. Air cooli n% and air dehum difying ‘
nodu tkataenecoranatdmphpatkgisd 11 2; dhareadiseesesidt g housingat!1) with
t he -hei aht . ‘ . o
¢ erE gt e EnGiBl C12PRKIed e B ERSh AR 1) o be
nodigkbtedais aointinmeelyi fedchaimesnd of darss, (17¢ irmaetrepins@d to e air-
th ' odies (21) are used to seal the pressure
chgrﬁﬁ‘gg&i%%r‘?n order to WD 2007/ 012344
PCTi 22 @0 %(r0108200) ok@rgpoe v rdspbytpassnfd tbaprasture chamber (12)

”O'Pﬁr%&';‘ﬁ“trﬁé %na?dpaack(rat' or packets (1; 2; 3) due to the pressure difference

prevailing between the pressure chamber (12) and room (9).

2. Air cooling and air dehumidifying module as claimed in claim 1, characterised in
that
the air circulation through the mat packet (1; 2; 3) is caused by a higher pressure
in the pressure chamber (12) than the air pressure in the room (9), and the

higher pressure occurs due to the fan (17) connected on the pressure side.

3. Air cooling and air dehumidifying module as claimed in claim 1, characterised in
that
the height (5) of the cuboid body is at least twice its width (4).

4. Air cooling and air dehumidifying module as claimed in claims 1 to 3,
characterised in that

sealing bodies (21) are used to seal the pressure chamber (12) in order to




5. Air cooling and air dehum di fyi ng nodul e as cl ai ned
inclains 1 to 4, characterised in that the orifices
in the housing (11) are slots, holes or perforations,
for exanple. 6. Air cooling and air dehum difying
WOoreauwoe2xdd cl ai med in the preceding clains, PCI/EP2005/008209
characterised in that a convective heat exchange takes
pl ace due to the contact bé& ween an air flow (10) and
a capillary tube surface (7), and at a | ow water
t empeveat bypass flonef noawphdiiened aibe mats the air is
al so dried due to the formati on of condensation water
caused by a drop below the dew point at the capillary
5. tub\a soolfrgc and 73ir  dehuAiidifysgoinatylearad alemetkhunglainfsyilintgy 4,
g‘l e for acgrm‘gjondlti oning a roomas clained in the
pr§ BRAYGIST%4] characterised in that the pernanent
di mensiifealin sleattiusinigy( 1 0f arfeldtaEiolgmekairfofdtions; foBpxaraple.
achieved by comercially available plastic binders or
by using nenory effect, for exanple by a thernal
6. Pr @\nt &ﬁ)ﬂﬁ@%% azﬁdetﬂn’ﬂdt% dgurh @himedeiRUAE @rédddig claims,
nodul e for air-conditioning a roomas clained in one
of chatagtersedlimidpat| ai ns, characterised in that several
mat, o%ﬂG%ﬁ{v h%%t ex?chaﬁé]e ?Hk@s gﬁ'&@%@qgt door®ddt %%tvﬂ%é‘?\ an air flow
af ter the other or e sane alr flow
( 10)0)tand amamMeryt wee@mﬁace éﬁk)ﬂndfattm@mwateréﬁ@na@@e in the

?”d%gﬁary fnjla(fér’“iﬂ Ql’r lsaQI tr?g'gg %tggtfy c}“\e/\z&g{rasﬁloﬂ:og SB%q%s’anon

a okt omsea‘ b;z ermm:belng/ tpe dew(pbB)t ahtie Gapdeindtubetserface (7).
outlet (15). 9. Air cooling and air dehum difying
nodul e for air-conditioning a roomas clained in one

7. of Aitwoptieasdaingelraidipng atvauRobesir-seddiiionitdratodrhes maimed
packet (3) with a defined core region (6) is
pod] fedieceding ¢l smsharasterised in "E‘g that the mat-free

COfife p&aMRn( @l}neﬁ‘é%ﬂpﬁablh@ Jrune hiepaeketne2;m3)as sukieved by
chanmber (12) and is filled with roomair (19)

of cp@ﬁger@gfm avadﬁt@jep}qaétl%‘ptpdq@oggmtpwgg_g@gpry effect, bf)c/)r exampﬁe by
Pcytgg,%gp?ﬁé)pggt%mzo flow (10) distributed to several
des in e room (9) makes contact with the

8. Air cooling and air dehumidifying module for air-conditioning a room as claimed
in one of the preceding claims, characterised in that

several mat packets (1; 2; 3) are connected in series one after the other or in

parallel in the same air flow (10) to improve the efficiency of the heat exchanger

and dehumidification, and the water flow is directed in counter-flow by providing a

cold water inlet (14), a cold water connecting pipe (16) and a cold water outlet

(15).

9. Air cooling and air dehumidifying module for air-conditioning a room as claimed
in one of the preceding claims, characterised in that
the mat packet (3) with a defined core region (6) is positioned in the housing (11)
so that the mat-free core region (6) assumes the function of the pressure

chamber (12) and is filled with room air (19) by means of fans (17), and the air




capillary tube surface (7) so that the

t hernrodynam cal | y conduci ve operating characteristic,

narrely the counter-flow, is achieved with an outwardly
ying water inlet (14) and an inwardly |vyi

gg wat er
“0021997/ 12345). 10. Air cooling and air dehumni & f{fiEg§05/008209

10.

1.

13.

14.

nmodul e for air-conditioning a roomas clained in one

of cl ai rrs 1to 4 charactef?sed in that the pressure
chanber 12? ch may be identical to the cor

r edPor10b§is rr%eged iOnw@f%ltSéc&PSf intthe gami@ makss <PBisel wigh the

tNeagiliiny b %brfsébsw)esoamaatﬁe mbﬁﬁ&%gﬁnéawy QohBcivd 8p8Rating
(9) thaiy I's uniformor selectively directed depending

on chivaciesialie namelydhe pater-flow, ivgdhieved Mithgnavlvarply lying water
de'%ﬂ %fé(dd‘&w W waterrosa@é\qhs oning a room as

I'n one o aracterised in
that the air |ntake of the roon1a|r (19) can be
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erabl'y ac
pr m/omb ofgclaimspl 1wgt, |c|fnafécaagee<andﬂmt using roller fans

h rotatable hou ng,.and ai
GhyRrigenbanT D pichmachh bl gt Bsheiga 0, has

C| aitegdted flﬁtur@%&o@d‘hs@nb@tlrﬁ@thb diQ v@ch@t&h&ﬁét&éirﬁ@dha@e into the
that the housing (11) is shagedé foc{ C?I al air
pafey o taatelst BN Re selfqiyel¥sdir Hipe NG ¥k ofee USage
I Ntendifiehyr oom or is connected to such by known neans,
and perforated plate arrangenents, slotted passages
or adjustable slat plates constitute preferred

soI thognﬁyér{h LiP uu[ﬁgf?ﬁﬁé mobiale 6} Lir-EOitidHInGRFodth bis claimed

ing no for air-conditioning a room as
cI ai onedof dlaimsrietodt, chheagtersediimthat| ai ns, characteri sed

nfhte\rl]\%? (1: ttg(er?a giatiwleprg #‘xeé ?8{93)03\‘\" t%Qﬂé%( tﬂﬁfdeglgqe& QESerﬁoqr% 8R the

t ane
ch ars’pemtl@rauf tbe nfadutedd tHr&)rraozrD mthédhl iy pre[drabm ar;h(mreﬁ bpgroviding

ir hum I Ny ule for ai diti nlnga
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characterised in that WO 2007/ 012344
PC 17EP2005/ 008209 a hous % an . be di spensed
oi O CPPITET At fe Ty ROl 95 i oniEETR» o 58 e
in one of claims 1 to 6, characterised in that
the housing (11) is shaped to form special air passage elements on the surfaces
of the air passage into the room or is connected to such by known means, and
perforated plate arrangements, slotted passages or adjustable slat plates

constitute preferred solutions in this respect.

Air cooling and air dehumidifying module for air-conditioning a room as claimed
in one of the preceding claims, characterised in that
the mat packets (3) with a defined core region (6) which may simuitaneously

form the pressure chamber can be fitted horizontally.

Air cooling and air dehumidifying module for air-conditioning a room as claimed

in one of the preceding claims, characterised in that




WORE807/81234¢onditi oning a roomas claimed in

15.

16.

17.

18.

19.

20.

core region (6) and the core region is closed by neans
of a closed blanking plate (18) and by a bl anki ng
plate (1 Sa) with an air intake orifice Iying
opposite. 15. Air cooling and air dehum dif nodul e

o ; Gt bapoasiess200
precedi ng clainms, characterised in that the pressure
chamber (12) is filled withl roomair flows (19) by
means of several fans (17). 16. Air coollng air
deRteising Y1 Dganbedispensed with if seigitie wat Prckely éb)mtae defined
¢! GRHSRE HGnAdTE, fS'&%%@@b%hkﬁ late

@{)hatgglohg%%% tﬁ%%(érg?e@ér?f ttseg getvveer? the f l ?Q

/ f thsin@ by)a bindking plapr ESalwiéh apreimbieke CLifige iyrmgc;mweﬁlte 0
direct and deflect the air flow 17. Air cooling and
air dehum di fying nodule for air-conditioning a room
as Atloabliregand air dereunaitiiffimgmpdeleddi aigcadiiionsng a room as claimed

characterjsed in. that the mat 2; 3) is

entl] ?J%ee?!r b?/ péecﬁ’g %Wéde'?%iaFteelsﬁ 'Béf‘? brations of
Whitdpresauis chamber tDRisdilled PRR S6ER adfiolvsg eS) byliBearts of several
cool i n% and air dehum di fying nodul e for

ai fAednll-ti oning a roomas claimed in one of the
precedi ng clains, characterised in that a constant,
aut omatical 'y control | able or controllable external

ai AricpanT andal Seruidiying BoeHe T aissendiie g o applaimed
19in éid o fﬁgghel%éjﬁ\g;dclé?hg &%}Hﬁe‘#ise liRgnhapdul e for

air-con room as cl ai ne in one of the
pr emhdnglecdaanamsflttemaemeerhhee‘dn|(ﬁ17)t h&nst (i€) and the pressure

C! EahEY QA E bl RO AR adRoOFSlneg, 00 that ai s

Yaces, era ndows or passive
suspended coollng panels (15a) so t hat the|r surface
era ure

A el rauraarind BortlednGRe peRG: Fldom gg claimes

cl i oRMof the pkdtRdPigRIRes NeharhaienisedlatBat er | sed in that
WO 2007/ 012544 PCT/ EP2005/ 008209 2 %we adv
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cl al ned

Air cooling and air dehumidifying module for air-conditioning a room as claimed
in one of the preceding claims, characterised in that
a constant, automatically controllable or controllable external air flow (19a) s fed

to the pressure chamber (12).

Air cooling and air dehumidifying module for air-conditioning a room as claimed
in one of the preceding claims, characterised in that

the air circulation to the room (9) is designed so that air is blown onto surfaces,
preferably windows or passive suspended cooling panels (15a), so that their

surface temperature is reduced.

Air cooling and air dehumidifying module for air-conditioning a room as claimed

in the preceding claim, characterised in that




in one of the preceding clains 15, characterised in

that one or nore air filters and/or air humdifiers

are integrated in the air path through the air
ooling and air dehum di fying nodule. 22. Air coalin

‘Voéﬁﬁw%ﬁ 4Hehuni di fyi ng modul e for air- condlt?%ﬁﬂﬁﬁogy&mzm’

21,

22. a

23.

24,

25.

26.

roomas claimed in one of clains 1 to 16,

characterlsed in that the power regulation of the air

cooling and air dehunidifjer nodule (22) takes place

ontnerVBaS98s of thg erndaiiechaittdtsenperat ure, a

vari able water flow and/or a variable flow vol une of

air through the mat packet (1; 2; 3). 23. Air cooli nlg,

anir gpelingeishaitid ¢urmgifyipe moduteder air-eordiriling BfAgaac aimed

ro f r?s‘ﬁ‘?fj | ai s,

ch@[gar%t efﬁl}]gg}(‘j&gdm?hr%étmtgﬁg gl"?'%glp({cu at r}gnpthr ough t he

rrat)nq:)aluherte qinfjlteps aBYori &r lnavidiierdgreantegwtad ip thesaiupah thiraugh
t e air pressure in the

nf?9§XMn E%Bhl§%h8é%ﬁ$W© Odég the fact that the

fan (17) is connect ed at the suctl on end. 24. Ar

cogl i ng. and e di fyi r . .

R b andatad S B atiope e Sondipning s ragas claimed

prm@@a@mmiﬂmmb%.&@t@ﬁse&m tlhatthat the nmat packet

/ the mat packets are dispgsed in

hothgi ngve(fﬂgu'gupn %tata aerh@oape aeﬂ Adufevmidifienmedyr <’t?%>etakes

a2 PA6K e HasiBdf aRBFKBIESvatdr ter%pel?e)turbsa (?éarié%ﬁéi/v@)ér flow and/or a
density differences between the cooled air and the

r ovafiadie flay veldmecd @irgbimegh themanpacked 61:idig)-and ai r

dehum di fying nodule for air-conditioning a room as
claimed in one of the preceding clains, characterised

i nAir ha@lingramdmjrddﬂztmn(iczimng mogliledoradit-eonditianizgiareoam as claimed

eat i ng, functi g n atures above
th"gO rfnﬂclﬁ Pretcgﬁ‘p Lﬁ'ﬁ'?e&%&% steﬁ%{dneﬁ% using an air
C Obkiaivgiraniction mrdﬁumdméty)lamgetltmcmlwasf@nsed by a lower pressure
air-conditioni a as ainmed in ims 1 24, .. .
e B Per 1oL Pmp Rl 2 A Pty e Foom (68, dits nis
P@JdRR2O05({00228Q 123 thé ke (@71 isccadhitgd @ theaduction end.
dehum di fying nodule (22), irrespective of its spati al
| ocation, and the cooling ceiling, irrespective of its

CORiB L& diydghubddityirdfodule for air-conditioning a room as claimed
in one of the preceding claims, characterised in that
the mat packet / the mat packets (1; 2; 3) is / are disposed in the housing (11) so
that the air circulation through the mat packet / mat packets (1; 2; 3) is caused by

density differences between the cooled air and the room air at reduced power.

Air cooling and air dehumidifying module for air-conditioning a room as claimed
in one of the preceding claims, characterised in that
the module (22) is also able to assume a heating function by using water

temperatures above the room air temperature.

Method of using an air cooling and air dehumidifying module for air-conditioning

a room as claimed in claims 1 to 24, characterised in that
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dehum di fying nodule for air-conditioning a room as
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ai feith@?R-i oning a roomas clainmed in one of clains
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Method of using an air cooling and air dehumidifying module for air-conditioning
a room as claimed in one of claims 25 to 27, characterised in that

the air cooling and dehumidifying module (22) and the cooling ceiling (24; 24a) or
the suspended cooling panel (25) are structurally connected to one another

and/or form a structural unit.

Method of using an air cooling and air dehumidifying module for air-conditioning
a room as claimed in one of claims 25 to 27, characterised in that
the room temperature and/or the room air humidity is controlled for a defined

room zone or for a group of rooms.
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predefined tenperature and/or humdity threshold
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the roomtenperature. 35. Method of using an air
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air-conditioning a roomas clainmed in one of clains
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35.

air-conditiaon
aroom as Cla?meggn one of claims 25 to 32, characterised in that

the operation and power control of the air cooling and dehumidifying module (22)
and/or the cooling ceiling (24; 24a) and/or the suspended cooling panel (25) are

based on the premise of maintaining the room temperature.

Method of using an air cooling and air dehumidifying module for air-conditioning
a room as claimed in one of claims 25 to 33, characterised in that

the dehumidifying power of the air cooling and dehumidifying module (22) is
automatically regulated or controlled as a function of the signal of one or more
humidity sensors and/or temperature sensors which are installed in conjunction
with the cooling ceiling (24; 24a) and/or the suspended cooling panel (25) so that

condensation is prevented on the cooling ceiling.
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37. Method of using an air cooling and air
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water end, and the cold water return (15) from the air cooling and air
dehumidifying module corresponds to the cold water intake (14a) for the cooling

ceiling or for the suspended cooling panel.

38.  Method of using an air cooling and air dehumidifying module for air-conditioning
a room as claimed in one of claims 25 to 36, characterised in that
the air cooling and dehumidifying module (22) operates in combination with other
room cooling surfaces, the output of which can be automatically regulated and/or
controlled, for example flat room dividers or wall surfaces, in addition to or

instead of cooling ceilings.




