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1 Sorption cooling element with regulator organ and additional heat
source The invention concerns a sorption cooling element with a regulator
organ and 5 with a gas-tight multi-layer film for cooling wherein by
vapourising a working agent and subsequent sorption of the working
agent vapour in a sorption agent under vacuum cold is produced. At the
same time the evaporator has a flexiblé construction to enable to adjust it
to suit various cooling tasks. 10 Sorption cooling elements are devices, in
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agent, the working agent, that boils at lower temperatures while releasing
heat (sorption phase). In doing sb&igd SHKSEagent is evaporated in an
evaporator while taking up heat. Once the adsorption agent is saturated,
it can be again desorbed at higher temperature 15 by heat input

(desorptiontphassehcAtribe sanpditimeowbn reagent withporem@datmmngren and
adsorption agen;. The. working agent vapour can be reli i ; .
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Sorption agent containers, filled with _sorpfi S, f
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from the sorption agent. The cooling devices can be used for cooling food

and keeping it hot in thermally insulated boxes. 25 WO 01/10738 Al
deseritiea aselfrgoelegdeverag dedneshercimiticd awpistadswspionigaegnt in
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adsorption agent is saturated, it can be again desorbed at higher temperature
by heat input (desorption phase). At the same time working agent evaporates
from the adsorption agent. The working agent vapour can be reliquefied and

subsequently evaporated again.

Adsorption devices for cooling with solid sorption agents are known from EP
0 368 111 and DE-OS 34 25 419. Sorption agent containers, filled with
sorption agents, draw off the working agent vapour emerging in an
evaporator and sorb it while releasing heat. At the same time the sorption
heat has to be removed from the sorption agent. The cooling devices can be

used for cooling food and keeping it hot in thermally insulated boxes.

WO 01/10738 A1 describes a self-cooling beverage can wherein the
evaporator is provided within and a sorber outside of the can. The cooling is
started by opening a vapour channel between the evaporator and the sorber.
The cold, produced in the evaporator, is transferred over its surface to the
beverage to be cooled inside the can. The heat emerging in the sorption
agent is stored in a heat buffer. The self-cooling beverage can is strongly

modified in comparison with a conventional can and is expensive to produce.



agent is stored in a heat buffer. The self-cooling beverage can is strongly
modified in comparison with a conventional can and is expensive to
produce. 2 Further, more theoretical configurations of self-cooling barrels
are compiled in WO 99/37958 Al. None of the devices can be
cost-effectively materialised and mamfactured. Finally, US 6 474 100 B1
describes a self-cooling cooling element on the exterior of a bag for
liquids or loose goods. On this occasion the sorption agent is enclosed in
a flexible, multi-layer film, The contact with the hot sorption fill is reduced
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es situat etween them. The temperature equalisation between
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manlifeatlage surface, has to be reduced by using an elaborate insulation.

DE 10 2005 034297 Al describes a sorption cooling element with a
gas-tight film wherein a sorption agent is filled in a gas-tight bag for the
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by a cutting tool. A control of the coolj acity is thus jmpossible. The .
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with a requlator or in a working agent vapour.channel between th
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multi-layer film has a flexible construction and is under vacuum so
encloses the regulator organ, the working agent vapour channel and the

DEevapiiatot 2hadthé evigsoridies ansaidionarkrigig geemeriovititlzagaettight film
wherelR 3 fel‘.%)ﬁ'o }Snag%gﬁ? i\év%lgg%ageé]ats\{%% 'b%%nfor the sorption agent, that for
the purpose of starting the cooling function is cut by a cutting tool. A conirol of the

cooling capacity is thus impossible.

- The object of the invention are cost-effective sorption cooling elements for single-

use wherein the cooling can be controlled.

In accordance with a first aspect of the present invention, there is provided a
cooling element with a sorption agent, that under vacuum can sorb a vapour-like
working agent that evaporates from a liguid working agent in an evaporator and
with a regulator organ in a working agent vapour channel between the sorption
agent and the evaporator, characterised in that the entire cooling element is
hermetically enclosed by a gas-tight muiti-layer film, the multi-layer film has a
flexible construction and is under vacuum so encloses the regulator organ, the
working agent vapour channel and the evaporator, that the evaporator and the
working agent vapour channel remain flexible and the working agent vapour can

fiow to



flow to 2a the sorption agent only through the regulator organ. In
accordance with a second aspect of the present invention, there is
provided a method to evacuate a cooling element according to any one of
the preceding claims, characterised in that in the region of a sealing seam
the multi-layer film has a polypropylene spacer via which a vacuum pump
evacuates the interior of the cooling éfement and that after evacuation the
spacer is heated until it melts with the sealing seam of the multi-layer film
and forms a gas-tight, evacuated cooling element. According to
theasBitR @A ARl HRreNeb iRy fSIAtRIP @R Rponents of a cooling
element are so sealed under vacuum in a gas-tight, flexible multi-layer
film, that the working agent vapour, flowing from the liquid working agent,
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external air pressure, have to suffice to nestle the multi-layer film around
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individual components do not have to be  joined gas-tight with one

the, ABRiEE FiRDOMyARC® BESIRAPHRICD BRE, SPRIRICEANFSIEdhuntil it melts
witfuRElaenifithnpghiixgdhativibe hagummer heiaffeaioiHtheaydiehdMevacuated

buts firmly against the components and only the working agent vapour
co f 'F}-,%Hgins open. According to embodiments of the invention the
regulator organ can be easily opened and closed by deforming the
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fiirg,a%g‘? ﬁ\%e\r)v%ctj“king agent vapour, flowing from the liquid working agent, can
flow to the sorption agent only through the working agent vapour channel and the
regulator organ. The deforming forces, produced by the external air pressure,
have to suffice to nestle the multi-layer film around the individual components in

such a manner that no path will remain open for the working agent vapour



and closed through the multi-layer film via a lever mechanism and, if
required, also used to control the performance. There are no further
spring elements required to press the sealing plane against the valve seat
when the flexible film so abuts against the sealing plane that the external
air can suitably effectively act upon thg valve. In an advantageous
manner the hoses used for the working agent vapour channels are such,
hich W hstandt e external.pr re n additional pressur
to B e e, S L oMLt SRR v to be
joiteebrgdsitayid svitbtrongly=smiashed rrm/ hmhy tlmaatasﬁtetcﬂomepaimwuhdnbea bag,
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vaWoorqugfa % 'lt,é/r%po#sr 8hannel the regulator organ will also open. The
R Hlng ooltan, o courge be placed also between the multi-layer film
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defo ma Ie at th rel t
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areth&raﬁ&raleotbﬁmrmmostat valve. With the aid of the thermostat valve
the temperature of the evaporator can be held at a control temperature.
At higher temperatures the thermostat valve opens the path of the
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upon the valve.

8? of the

In an advantageous manner the hoses used for the working agent vapour
channels are such, which withstand the external pressure, but not an additional
pressure, e.g. one produced by a squashing tocl, that acts externally on the multi-

fayer film and so strongly squashes the hose that the flow path would be blocked.

A further very cost-effective regulator organ can be formed when the sorption
agent is sealed within a separate bag. If this bag is pierced through by a sharp-
edged cutting ool at the point of contact with the working agent vapour channel,
the regulator organ will also open. The cutting tool can, of course, be placed also
between the multi-layer film and the separate bag. For triggering the external film

has to be deformable at the relevant positions without losing its air-tight nature.



advantageously used for the temperature-managed cooling of transport
insulation containers. Insulated transport containers serve, for example,
for the transporting of foodstuff or pharmaceutical products between +2C
and +8C. insulated transport containers, fitted with the cooling elements
according to the invention, can be stoged for any period. To start the
cooling function merely the regulator organ has to be opened and the

product to be cooled packed in th terior. he ther ostat v control
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insu container ered with evaporator surfaces,, The
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temperature strongly fluctuates. Since the evaporator according to the

invention has a flex@'e constru tloqegt Ieaﬁt 5 onﬁ] glarg Oo
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prerequisite that the plastic spacers during storage would not release gas

and would not have a deleterious affect on the vacuum. It is an advantage

Bywheivinglistie (bs/cassiatatéepelydaidmolinglyeiripeise cae Use, particularly
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containers, insutated transport containers serve, for example, for the transporting
of foodstuff or pharmaceutical products between +2°C and +8°C. Insulated
transport containers, fitted with fhe cooling elements according fo the invention,
can be stored for any period. To start the cooling function merely the reguiator
organ has to be opened and the product to be cooled packed in the interior. The
thermostat valve controls the interior for several days within a narrow
temperature range, independently from the prevailing external temperature.
Because the insulation container can be made from an inexpensive material (e.g.

polystyrene), a return transport, often expensive, can be dispensed with.

According to embodiments of the invention all internal walls of an insulating
container can be covered with evaporator surfaces. The temperature of the
interior is then homogeneous even when the external temperature strongly
fluctuates. Since the evaporator according to the invention has a flexible

construction, at least



the manufacturing processes. Plastic spacers can be cost-effectively
manufactured according to known manufacturing methods, like deep
drawing, extrusion or thermal blow-moulding. In an advantageous manner
care is taken during the manufacturing process that no materials,
releasing gases afterwards, like plastigisers, are added. In the thermal
transport containers use currently the transported goods are cooled by

ice batteries, that have o be provided inside the cantainer. the size of
ong RS e RSO Al A AP BT OB TG ALEE g dodiag can be
foltac npoam e idient figlintrasd volthedritecionsiderably reduced or a larger
insulating container is required. Larger containers have, in turn, a greater
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The cooling of patients or injured people in a hot environment or the

reduction of body temperature is just as possible as the use of cool vests,

Acsoollisgittoareripedimentierd. Ipriviprtineyieartive usepesgwiedbie plastic
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compared with cooling and ice batteries, the cooling elements according
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the sorption process sorption agents can achieve temperatures above
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polyethylene layers, used for sealing, become soft already at 80C and
thedraarthelerempipeesses.

Plastic spacers can be cost-effectively manufactured according to known
manufacturing methods, like deep drawing, extrusion or thermal blow-mouiding.
In an advantageous manner care is taken during the manufacturing process that

no materials, releasing gases afterwards, like plasticisers, are added.

In the thermal transport containers use currently the transported goods are
cooled by ice batteries, that have to be provided inside the container. As the size
of these ice batteries is many times that of an evaporator according to the
invention, either the internal volume is considerably reduced or a larger insulating
container is required. Larger containers have, in turn, a greater external surface
through which more heat flows into the interior, that again has to be counteracted

by larger ice batteries.

However, the fields of application are not limited fo insulated containers. in
principle any object can be fitted with cooling elements according to the

invention. Advantageous is, for example, the cooling of tents, where



permeable under vacuum. In contrast to this, a sealing layer from
polypropylene can withstand markedly higher temperatures. Their melting
point is above 150C. In combination with high temperatures sharp edges,
corners and tips of the granules of the sorption agent may cause
inadmissible leakages in the films. Thié danger can be encountered by at
least one polyester or polyamide layer within the multi-layer film.
Polyamide films are especiallfé resistant to tear and puncturing. The
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suitzetalliseddttmsoisialso possible, especially since they can be more
cost-effectively produced than metal films. The individual layers of a
multi-layer film can be joined with one another using adhesives.
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designed for high temperatures. Advantageously, multi-layer films with a

olyamide layer thickness of 12-50 pm, an aluminium layey thickness of
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can withstand markedly higher temperatures. Their melting point is above 150°C.

in combination with high temperatures sharp edges, corners and fips of the
granules of the sorption agent may cause inadmissible leakages in the films. This
danger can be encountered by at least one polyester or polyamide layer within
the mulii-layer film. Polyamide films are especially resistant to tear and
puncturing. The actual gas barrier is ensured by a layer of thin metal film or a
metaliised layer. For this purpose thin aluminium films with a thickness from 8 pym
have proved themselves. Metallised piastic films are less dense. Nonetheless, in
the case of short storage periods the use of these metallised films is also
possible, especially since they can be more cost-effectively produced than metal

films.

The individual layers of a multi-layer film can be joined with one another using

adhesives. Conventionai adhesives contain solvents, that during bonding are



elements with a leakage rate below 10"$ mbarL/sec are achievable. Thus
the storage life can be several years, without impairing the cooling ability.
The welding (sealing) of multi-layer films to form bags and the filling with
loose goods, as well as the subsequent evacuation are state-of-the-art in
the food industry. Therein numerous ag sizes and shapes are used. In
particular flat bags, bags with pouring openings, bags with cardboard

einforcement, tear-open bags, bags with peel-effect.for easy openin
o, CBRIE S S IOEEALORD BB RTRGRAE. GO P LB HOS opEHss these
solientalifsddmadhchagesideritheahingeeimprhise thedirngstaithavithin the
invention. When filling the solid sorption,. t into the bags,. dust is .
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too thick relative to the palypropylene layer. Polypropylene layer
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and vacuum-tight into the polypropylene layer. When using films
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through it reaching the cooling element that would impair the sorptio
foadatstfonvdriatomisteipgheyiegt ara stk tyyeptgsefeatibly 2édimpsratures
dd@d’@ regular crystalline structure it can reversibly sorb water up to
abggg . A ; Naer -
Yo by mass. In the case of the application according to the invention the

technically realisable water absorption is approx. 20-25%. Even at
MU %I-%lyc?}yfhl)"@ é%'&ﬂﬁriﬁ%' ESR@BBW@O?%??\%&H&WS& be_ obtained, for
considerable capacity to sorb water vapour and therefore are particularly
exaniible from Wipf AG in Volketswil, Switzerland or from PAWAG
Verpackungen GmbH, Wolfurt, Austria. When such films are used, cooling
elements with a leakage rate below 10® mbarl/sec are achievable. Thus the _

storage life can be several years, without impairing the cooling ability.

The welding (sealing) of multi-layer films to form bags and the filling with loose -
goods, as well as the subsequent evacuation are state-of-the-art in the food
industry.

Therein numerous bag sizes and shapes are used. In particular flat bags, bags
with pouring openings, bags with cardboard reinforcement, tear-open bags, bags
with peel-effect for easy opening and bags with valves are to be mentioned. With
their specific properties they all can have advaniages for the cooling element

according to the invention.

When filling the solid sorption agent into the bags, dust is produced, that
settles on the internal surface of the film. Dust on subsequent sealing positions
may lead 1o leakages if the layer of dust is too thick relative to the polypropylene

layer. Polypropylene layer thicknesses of 50-100 um are



to be used in accordance with the invention. Zeolite is a crystalline
mineral, that contains silicon and aluminium oxides in a framework
structure. The very regular framework structure contains hollow spaces,
in which water molecules can be sorbed while releasing heat. Within the
framework structure the water molecuges are subjected to strong field
forces, the strength of which depends on the quantity of water already

contained in the . framework structure and the temperature, of the zeoplites.
R TR SN (HaD I8 o B R FECHE S Gl i opyiene
layeater. Only 7-11 g water is sorbed per 100 g natural zeolite. This reduced
water absorbing capacity is due to the specific crystal structure on the

nQN-aclive. 1] ral pr t t -
W R e A I BB ER SR RO AR, JF & fssivle to
enveloasdtie sbepriesdoest tmdughstiieleasivsursopyinhetigerislitedihatt further
ir.qre ' ity referr F li I ts, Wi
P e e L e SR U over
pergentiamadislOyealstveijhoot, astemingasese frventien filurabissiditetsell or
I . At hi i t I ti ' :
B e T e BT i Gon or
congsieihepnmleasd.of the sorption heat and associated high sorption agent
temperatures above 5 100C, merely 4-5 g water vapour per 100 g dry
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between 10 to 30%. Although they are’not actively involved in the
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to be used in accordance with the invention.

Zeolite is a crystaliine mineral, that contains silicon and aluminium oxides in a
framework structure. The very regular framework structure contains hollow
spaces, in which water molecules can be sorbed while ré!easing heat. Within the
framework structure the water molecules are subjected to strong field forces, the
strength of which depends on the quantity of water already contained in the

framework structure and the temperature of the zeolites.

Natural zeolite types, as they occur in nature, absorb considerably less water.
Only 7-11 g water is sorbed per 100 g natural zeolite. This reduced water
absorbing capacity is due fo the specific crystal structure on the one hand and
non-active impurities of the natural product on the other. Therefore for cooling
elements, that over longer cooling periods can release the sorption heat through
the enclosure, synthetic zeolites with their greater sorption capacity are preferred.
For cogling elements with high cooling capacity and/or short cooling period,

wherein the sorption agent remains
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the zeolite filling will become less hot and consequently can absorb

additional 15 water vapours at lower temperatures. Natural zeolite

granules is made up from broken and squashed fragments and

consequently has sharp and pointed geometrical shapes, which under
vacuum and increased temperatures can pierce or cut through the

multi-layer 20 film. Among the approx.8B0 different, natural zeolites the
follqwing can be advantageously used as cooling element according to
tp&é%\(/%y'%,Cg@@@mm@gt&}ﬁ‘?@%ﬁ%mﬁfﬁ%ﬁﬁx%dz@@jmﬁgt@r@%lso used. At
Naturally’ occurring materials can be returned to the nature without
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improve the water quality in stagnant waters. Of the synthetic zeolgte
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solid sorption pairs can also be used in the coolin eleﬁent .accorc{'\[‘wggtt%turai

theihsRENT FARiEAR RN TRIsR RO FhyiRMEB SHON AP BIFERRS

a3 /ERURRRNEOMRIBa g Wil daemeslgag aiaeatietesribetisecomtidarably
in combination with alcohols, can be also an advantageous solution.
Jri¥eTthese material pairs also operate in vacuum, they can be welded

into the multi-layer film according to the invention. According to

embodiments of the invention the amount of so#%\% entis to be
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an even sorption within the o
the zeolite filling will become less hot and consequently can absorb additional

water vapours at lower temperatures.

Natural zeolite granuleé is made up from broken and squashed fragments
and consequently has sharp and pointed geometrical shapes, which under
vacuum and increased temperatures can pierce or cut through the multi-layer

film.

Among the approx. 30 different, natural zeolites the following can be
advantageously used as cooling element according fo the invention:

clinoptilolite, chabzite, mordenite and phillipsite.

Naturally occurring materials can be returned to the nature without burdening
the environment. After their use in cooling elements natural zeolites can be
used, for example, as soil improver, liquid binder or to improve the water
quality in stagnant waters. Of the synthetic ;;{:eolite types the types A, Xand Y
are to be recommended, each in its cost-effective Na form.

In addition to the zeolite/water combination other solid sorption pairs can also

be used in the cooling elements according to the invention. Particular



sorption agent and a small pressure drop, sorption agent granules have
particularly proved themselves. Granule diameters between 2 and 10 mm
provide the best results. These can be packed without any problem and
after evacuation form a hard, pressure resistant body and stable in its
shape of the sorption agent, that retajgs the shape imposed by the
evacuation. However, to enable to produce variable geometries with the

R S IR B v

thdlavodtingredeni) tlua@asat:wevmtmicbhe irapambthatinehas adekible can be
construc (t#on the |nd|V|d | firm rggaons an be dis %g’@ d relatlv one

Alsgnatfe? G o) EHORyr BRI FdKE AoR S SpReyate in

vayetienaiy agobe adlded Advahtagedtidgrer diso aeobtdlb@ﬁkihe invention.
pre-formed from zeolite powder and resistant to deformation into which

Acgb‘?cﬂﬂ @“8%%!&@?@%%?%%%&% SA}%BG tﬁo%ugégﬁé is to be

required coo ent geometry Ie zeo cks can
SO oHeauspaces] mrtbmctegadhajftmtewmﬁq () ragenﬂmtmrmhaa rielogerdtane only

hﬂtgfnﬂ] Eﬁrgo qgﬁ Hetﬁ%rpsc?ﬁ){%ﬂd éb@?rpfhoqmga%bsnjunctlon the

eased eats e sorption agent |ghe rption agen
praemerdtgﬁeshheIdﬁwrm@@d@mtwmnmamta tssvariipgeayeed.ldes than

5 rﬂ%?%&&%%@%g% éét)(teﬁgsl%%%ﬁﬁ (tg 6‘?@1’5&% %ehg sﬁ?i%lce o

the SOI’ptIOﬂ agent W rptlon agent IS In rect contact
thanwmtmeramﬁntheamrfwroﬁ%mgacwrwuem be renesvedpilandertdn the

SOFB % g Hunfiimg the &ﬁﬁ['%r@%ﬁr@%r &?@%‘Mﬁ %%ﬁies have

ientair. It s also very efficient to cool the sorption coritaine
paWQtéarBleaued themeglvesnSteanyigroiamelerobetiveeutdiadacof thenm provide

the BERlR QgRNtTHARAE IR P 'b%é@é‘&evﬂtﬂsa% ng a?rﬁi'eab ERrbvacuation

transfer of the granules of a sorption agent on ag, In
forprindigies | tps Skfesi@siatast body and stable in |ts shape of the sorption agent,

that retains the shape imposed by the evacuation. However, to enable to produce
variable geometries with the sorption agent bodies with the stable shape
according to the invention the sorption agent is filled into several regions,
connected only via vapour flow channels. In this case, provided the vapour
channel has a flexible construction, the individual firm regions can be displaced
relative one another, folded and stacked, for example to make use of narrow

spaces yet enable a good airflow.

Advantageous are also zeolite blocks, pre-formed from zeolite powder and
resistant to deformation, into which the flow channels can be moulded and their
shape is made to suit the required cooling element geometry. The stable zeolite
blocks can have hollow spaces in the region of the working agent vapour channel

so that not to hinder the flow.

During the sorption reaction sorption heat is released that heats the sorption

agent. At higher sorption agent temperatures the absorbing capacity for
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without ribs are recommended, like for example cylindrical, sheet or
tubular geometries. Since zeolite granules have a particularly low heat
conduction, the sorption containers are to be so designed, that the
average heat 15 conduction path within the sorption agent would not
exceed 5 cm. All applications are characterised in that a cooling element
is stored over an unspecified period afl4ny ambient temperature. At the
time of commencement of the cooling effect the regulator organ is

ORaRsTis2BRGIPHNGLERR thishaiRtamtispidie swelldaocageaityapai gaonger
flow to the sorption agent and settle on it. The sorption agent becomes
heefiedalise seneibiies errl HRERsBYRE 3858 inside its crystal

structure. The evaporator cools off and can be used as a cold source. In

the case of cooling tasks taking place rapidly (e.g. cooling of g liquid), as
aNNetnthperR @Rt g fuffidier t5 CobP @%%H&&%%éﬁ?@)rﬁ%%#ﬂms the
CEPFRMIE Rt TRRIGHaNg e aseshirg sapasinturte warkigly igefilm to the

vapour is limited due to the hot sorptjon agent temperatures it agditive
ERERaAS e B, NoR oS8T GO B BN orlgdr S50 very

ceglingrhesed dhensosplisioagsintaifatanitieleaserheat through the
multi-layer film and depending on the application transfer this heat at

higher temperature level to a product that has to be kept warm. 12 When
beisgausedir the-deembfeezingriandpvadienuatalyodimiersidried domtion agent

channels and possibly additives, lowering the freezi oint, are to be

C BB R HRRFONE S04 R S A TR VR A esbranules of
temperatisieshelavopCisenmsgrciievae & Whenitiwpreotking dijentssrfaces
water, without the water freez'n&. Farti ularl Whﬁn bqjﬂgr%s?dsiaeet or tubular
OB 1S RS S EEBAIRAR i ral T G IP G il

tefapaistHERs dindeiaynline ganiiabte mpasatupmdicl thyeltiveieastatnduction,
V\{tg f%glpp ié%mgg’[‘%lilrr%?sﬂrgtreth?othggmg%ta&glsolg%g&n%QF the average heat

conduction path within the sorption agent would not exceed 5 cm.

All applications are characterised in that a cooling element is stored over an
unspecified period at any ambient temperature. At the time of
commencement of the cooling effect the regulator organ is opened.
Beginning from this point in time the working agent vapour can flow to the
sorption agent and settle on it. The sorption agent becomes hot because it
liquefies and adsorbs the vapour inside its crystal structure. The evaporator
cools off and can be used as a cold source. In the case of cooling tasks
taking place rapidly (e.g. cooling of a iigquid), as a rule the period is not
sufficient to cool the sorption agent with any consequence. Therefore the
absorbing capacity for the working agent vapour is limited due to the hot

sorption agent temperatures if additives do not act as heat buffer.

In the case of cooling elements with longer cooling péricd the sorption agent
can release heat through the multi-layer film and depending on the
application transfer this heat at higher temperature level to a product that has

{0 be kept warm.



active cooling of the cooling element is interrupted. As soon as the
temperature in the evaporator falls below OC, if pure water is used, it
would solidify and release the solidification heat at OC to the interior.
Provided the water fill is adequate, the internal temperature will not fall
below the freezing 15 point. For transport tasks, where OC is too low,
instead of pure water an aqueous, eutéétic mixture may be used, the
transformation point of which is set slightly below the control temperature
of the thermostats (e.g. transformation point 3 20 4C and a thermostat
control tem eratur Thus, provided the te erat re of.the interi
SHBSDeERBEGrFS (b S PR G UNEEACE fow
C@h%waﬁoemorbmmgﬁmmmwapwamnfrgmnlaefaqaemgs puikttreendo be
cool the interior. At temperatures below t on oI poin h m
cIB%@?r‘?éQ\?apghr %h%nr‘ﬂé? W%Jenarﬁ%v thz\% externa te%ngp})%lf\a uére l%%Sorahon
be&wtp&tetttmfbeﬂnatlm(pcmhabd hehicveehs viowiviteitothaheariingregent is
o the en t the temperature falls in the evaporator until the
T& tﬂ| tW@'t s?fgo fihstion point. The mixture is now converted
and releases heat to the interior. Consequently, in the case of appropriate

ensianing a cooling element according to the invention can,: p net ...
e
rEp ra“tcga%fstanfepem%e?gtutrjg?gutnprg%nﬁje tra[rLflsr o%da{tfj heat W euriltIt may
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Rie evaporat F\Volme itional eutectic mixtures is
desited, aceditingio the inceditign aisemn‘tat@ Hetgrsupted. mAg atswpeas the

provided hetween,the evaporat d n ti p[galgg& I id
th egql%er;ts r%a’%‘g elsehlg E%Sﬁeai[t%elglgwegur%%%ﬁsw%ﬁn control, asYV ou
itsselidé#paheatohdl be irarseddificatioy heabeinisSidnctberintaripafbievided the

h'% {5}%” PR éa%a%%der%%ﬁnﬁt‘témﬁé%ﬂﬁéj \Hfﬂorqét Fanfebelow the freezing

point.

For transport tasks, where 0°C is too low, instead of pure water an aqueous,
eutectic mixture may be used, the transformation point of which is set slightly
below the control temperature of the thermostats (e.g. transformation point 3-
4°C and a thermostat control temperature of 5°C). Thus, provided the
temperature of the interior is above the confrol temperature of the
thermostats, in the case of this configuration working agent will evaporate
from the aqueous mixture and cool the interior. At temperatures below the
control point the thermostat closes the vapour channel. When now the
external temperature falls below the transformation point and heat keeps
flowing from the mixture into the environment, the temperature falls in the
evaporator until the mixture falls below the transformation point. The mixiure
is now converted and releases heat to the interior. Consequently, in the case
of apprebriate dimensioning a cooling element according to the invention can
cool not only at a constant temperature, but provide fransformation heat
when it falls short of this temperature and keep the transported goods at least

at the fransformation temperature.
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capacity of this heat source should be so calculated, that its Il Cat
emission should be sufficient to keep the insulated container at the
expected lowest 10 ambient temperatures at least at the required
temperature of the internal space. According to the invention the heat
source does not have to be homogeneously arranged either within the
insulated container. It is rather sufficieh®to have a point-by-point heat
release, since the evaporator acts as a steam heating, that distributes
and controls the amount of heat absorbed 15 by the heat source over the

f fth
BT ERUESUBBE NS i A hE UOLBETATS) Sl AR LBl e by

are on e cooler
syHagrmandisets meauteshe bvsief thasitedtodto évapovaeidoTauseparate
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the fﬁ@ldatﬂém@aﬁh%nﬁl " abitlgtsdbe Wiskinghgentcodiseall doesing theed its
sorption agent until the control em rat re
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source the tin ment can, be ntroII tHQNAL ~ ¢ ~rmicsinn
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cata IIC mbustion, etc. e.s it t
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ous msu ion walls or is directed from
tf@ﬁmmdetomemeaheaw&dnwmmhmbbﬂﬂammﬁﬁ%ﬁéﬁmyﬁtor acts as

a steam heating, that distributes and controls the amount of heat absorbed
by the heat source over the surface of the evaporator'. Water, evaporating in
thermal contact with the heat source, condenses within the evaporator
structure on the cooler surfaces and heats them to the level of the site to be
evaporated. Thus the temperature of the entire evaporator remains
homogeneous. As soon as the temperature on the thermostat exceeds its
control temperature, the regulator organ opens and lets the working agent
vapour flow into the sorption agent until the control temperature is reached

again.

For this purpose heating eiements, charged by batteries transported with
them, are, of course, extremely well suited. In the case of this type of heat
source the heating element can be controlled also by an additional, electric

thermostat.

In principle all known exothermally operating chemical reactie'ns, which are
used to keep bodies warm (e.g. open flame, catalytic combustion, efc.) are
suitable as separate heat sources. Particularly advantageous is the oxidation

of iron powder with the oxygen of the air in the presence of water, salts and



According to embodiments of the invention the output of these heat
sources can be controlled by means of the air supply (oxygen supply).
When no heat is required, the air supply can be completely stopped, but
further increased when failing below a limit temperature. By controlling
the air supply both the cooling capacity of the cooling element and the
heating capacity of the heat source can be reduced. Without control a
: vate t r Ven. h ient
O e e S S PR W s ppen. tha
ekpacelifinste setedbesithericvdimgug brientusaally avets dastiativaywads or is
JfEBEPHIBG, IRD WiRHisdn s wel gadie dearlonical gleased idhB onea
eat source. Because during a transport lasting several days the ambient
opEnppgatures can fall and rise several times above and below the
required temperature of the internal space, a control of the heat source is

ARSI PERAHRINRY &0 FRBOMENSNE e MR IBGRESUIAYes can

for the oxidation process of the heat source can be regulated via its own

bairceriivirdabihatedepaidthig G tseRpAbIEMEBRTpStRaiL). Wimasip heat is
rSHERIRT QhEESHEEQYpRYRBY @ﬁﬂ}ﬂé%e%9%&?pp‘é‘é¥%ﬂﬁ%%§%ﬁ%?e%§éﬁ when

source is inside the insulated container, distributed on one or severa

failipgbalavea dentirmparatuan ByreniRlingiiber miprik Bolbshssooing
cAPEcRY Eﬁﬁﬁ@%@ﬁﬁ%rém‘ksﬁn@ bitee{alitngleamtitel MRoNeA Ullirce can

temperature closes the external end of an air channel. To enable the flow
bareHAGER-deficient air from the interior, the airtight bag can be provided
with an opening, through which used air can escape into the interior of

VB dos Wetingl coataineicivamdhrigt beaioapurppR dne wAsideeritidgmbient
the natural pores of the insulating}g terial, or 15 a L%gri te outlet

'SIPRAIAYL G AARE ENARME EPOramaL b dhkgynal space.
Irpenss vden sty tipling keatelamentid hexdeliberalieyopaainghefibat coming
frgﬁ}er}rknegsoﬁ?suiléjeagso rgtyegstq[ Qngegg{g ehtgaet ur?ai etaegetié)r@ atHgorﬂgg% source.
Because during a transport lasting several days the ambient temperatures can
fall and rise several times above and below the required temperature of the

internal space, a control of the heat source is a sensible one.

According to embodiments of the invention the air supply for the oxidation
process of the heat source can be regulated via its own air thermostat that,
depending on the ambient temperature, enables a greater or lesser air supply fo
the heat source. Advantageously the heat source is inside the insulated
container, distributed on one or several surfaces between the inside wall of the
insulating box and the evaporator. The air thermostat can comprise a bimetallic
glement, that above a limit temperature closes the external end of an air
channel. To enable the flow of oxygen-deficient air from the interior, the airtight
bag can be provided with an opening, through which used air can escape into
the interior of the insulating contfainer. From there the air can reach the outside

through the natural pores of the insulating material, or
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activation of the heat source at low storage temperatures. 5 Ideally the
inlet opening and the outlet opening are at different height levels. In this -
case a natural air movement will take place and when the air thermostats
are open, supported by the thermal lift of the air heated on the heat
source, new oxygen always is transported to the embedded iron 10
powder. Ideally the supply of fresh air thtough the air thermostats will
commence when the ambient temperature falls below the average value

of i samitel demepeptHagehEhmiawetdhaiowtairaldrohaergtucd fiflsand are
the wider the air 15 thermostat shoulg’i_ég en olthat toti rease ihe. {»ét ening
ofigie frete Y opes e WHEL SIALHHAANE HIERISE 'RBIRI of the ou pu? IS not

nSﬁﬁ%@fweﬁ%@éa:@tﬁ@ié%d@jmﬁtmmﬁtdr@awmwﬂrbynﬁenai automatic

thermostat valve in the cooling element. A tqo high a put of the heat
s@Gfeetorghites ﬁﬁa&%ﬂ#{ﬁs %38%&8[3%%%1?%1 orrae%ég%eful volume

would be affected by it. Therefore 20 the heat source is preferably

provided between the wall of insulating contain ; f
SURRRIY 6ﬁl%%§8%e@£§%§@&%ew% Lﬁer_%g gegm%raegsée%?%ﬁ%{?aﬂp% a?olre vels..
ing fise forse 13 masieases inmuistiinitediin takabptabenandnwiwerthe air

fabric and 25 fixed by hygroscopic forces. Parti -effective ..+ .
TS A AFSAIEER: SLBGTS ) el o e JE Mitea on the
heeseheldsand ningusixyderabsiorbyi gl srIhepaded-doritig nempeddad iron
fabrics, just like the plastic spacer or natural zeolite, must not release

gé’?& fder vacuum and higher temperatures. For this purpose

particularly suitable are commercially 30 available polypropylene

S O BT L TSR Y e o commerce

adviastafiepasiiannéeinpbategioialts theihwahsoansragsorayghal the control

gr’%%rt]%rerature set. The lower the external témperature falls, the wider the air
thermostat should open so that to increase the output of the heat source. At
the same time a precise control of the output is not necessary, as the precise
temperature contro! is assumed by the thermostat valve in the cooling
element. A too high an output of the heat source is carried away by the
cooling element before the useful volume would be affected by it. Therefore
the heat source is preferably provided between the wall of the insulating

container and the evaporator surface.

Only in rare cases is the working agent present in the evaporator in a free
form. In most cases it is distributed in an absorbent non-woven fabric and
fiked by hygroscopic forces. Particularly cost-effective materials are
absorbent papers, like they are used in many cases in households and
industry to absorb liquids. The water-storing non-woven fabrics, just like the
plastic spacer or natural zeolite, must not release gases under vacuum .‘and
higher temperatures. For this purpose particularly suitable are commert;ia[iy
available polypropylene micro-fibres. These fibres are prepared to absorb

water and do not release gases that would interfere with the vacuum.



amount of non-woven fabric is allocated to the evaporator because more

liquid working agent is available there for the vapour heating. In addition,

the geometry of the non-woven fabric can be so designed, that a

decreasing amount of working agent will be continued to be supplied by

virtue of the suction effect of the non-q@oven fabric. A further solution is

the fixing of the working agent in organic bonding agents, like "Water
in lafﬁcall(dvoafr% 5t ggr}ﬂo ?{E n%r?'% Ft)t'rngcre?sgsflen c%%pe’ Hesa'%"slgu?ge ac_jgg nt%s%%‘tjsgreater

manner severalof the above mentivned steps can be” combined. To
anmainitainribe-require davassisediaaieitie vhpoevaghaatel beteese there liguid
wofkBOA9R A0 e sprpYen aqent il desplle e exteeL A RIS HE L eometry

accordmg to the invention the vapour channel ¢an bé formed and
of Stahilised'byeselarat EyeicaddagivedethBy &l diag sasadeanatent of working
agShi i %"“%?)rﬁ%ﬁ‘%ﬁ.stfo!a%h%J‘OVﬁeB%Q‘%ﬁHJheo?%é”U% 18 HSP SBIAG ron-

polypropylene nets |gP1er emBgrature Cah be permﬁ%je withiout
wonatedsimngogases. By virtue of the flexible structure of the nets they

optimally fit to suit the relevant geometry. According to embodiments of

the invention the evaporator can be of any shape and made from various

A fardherigis|utiochisichenfixinpreickss uyr iing aaeng thorgadimgidtessegents, like
. iCi large openi nsi werki t r nel f
i e U e
advanfagsctstheposgibreay@todiethien eboying awagrdidigdd cosigpsesan be
Corlﬁbm%fgnted and a good thermal bonding to the object to be cooled is
possible. As a rule the sealing of the multi-layer film can be carried out
thermally by pressing hot sealing beams on the external film surfaces

To“H’igﬁﬂ%iﬁuQﬁéo%ﬁﬂir%%a'g?gééy%&?&%c%mﬁ@iQ/QBQ_JP LA Getween the

another. 17 The welding process can be carried out inside a vacuum _
evaparabur anddheseiniion Aot Slidesnie therxiaiselaigamssuimi@rcording

to W PERYR A8 vapour channel can be formed and stabilised by several
layers of a plastic net. By doing so, adequate cross-section remains for the flow
between the net structure. When using polypropylene nets higher temperatures
can be permitted without releasing gases. By virtue of the flexible structure of the

nets they optimally fit to suit the relevant geometry.

According to embodiments of the invention the evaporator can be of any shape
and made from various materials. Technically it is necessary that during the
cooling process a sufficiently large opening remains in the working agent vapour
channel for the escape of the water vapour, the working agent in the iiguid state
remains at the position to be cooled, a carrying away of liquid componenis is

prevented and a good thermal bonding to the object to be cooled is possible.

As a rule the sealing of the multi-layer film can be carried out thermally by
pressing hot sealing beams on the external film surfaces until the superposed

sealing layers become fluid and melt with one another.
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subsequent adsorption process, are evacuated in the vacuum chamber

-from 5 the water and all other further components. It is also advantageous

to evacuate the bag without a vacuum chamber by means of a suction
device at a position of the sealing seam that is still open. To keep the
suction channel open, a polypropylene spacer, advantageously 10 similar
to the material of the structure is place?ti between the surfaces of the film,
said spacer expanding the flow channel inside the cooling element. As
soon as the evacuation is completed, the surfaces of the film, including

the spacer, are heated by the sealing peams, until t ing |
B RO TR L5oCal T S ot (B under
ceatingroff AtSipeoskeice diges-itigtiti jorasd hel dyandsy sHuols imoEig.pregent the
cooling element according to the inventj dLinthe f

oS RO S R o E R LT D LG Mg rom
alimo stattemdivaladbolterdtichewitbrapse@ariste zeolite bag, 25 Fig.2 - the
flexible evaporator of Fig.1 in perspective and sectioned illustration, Fig.3

- the cooling element according to Fig.1 together with an insulated
trérispaschedyaotBgedas oheaanicta daggathodthearssiutreshsiger by

af Insulated RoX.i 59 fbgiAdy ré“gé%]%a’r‘?'é{?t#e%%iﬁ RUHAILO[93RY open.
for a'single-use cooler, I¥|g.6 - a further configuration of an evaporator,
illlisticaed Heetimsiorantamgopategieeyblep semtcipagent aiuatpgeously
SQIRHRP RO Pl?zgt%riai of the structure is placed between the surfaces of the
film, said spacer expanding the flow channel inside the cooling element. As
soon as the evacuation is completed, the surfaces of the film, including the
spacer, are heated by the sealing beams, until the sealing layer and the
identical material of the spacer melt with. one another and after cooling off

produce a gas-tight joint.
The drawing shows in:;

Fig.1 - a cooling element according to the invention, still in the flat state, for

the cooling of an insulated transport box,

Fig.1a - a coaling element with almost identical construction, with a separate

zeolite bag,

Fig.2 - the flexible evaporator of Fig.1 in perspective and sectioned

ilustration,

Fig.3 - the cooling element according fo Fig.1 together with an insulated

transport box,

Fig.3a - a heat source,
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10 The cooling element, illustrated in Fig.1 (and in Fig.1 a) has its flat

shape still as it is obtained from the manufacturing process. Two fitting,

cut to size, multi-layer films 7 are superposed with their sealing layers

facing one another and fitted with individual components of the cooling
element. In the drawing 15 the top multi-layer film 7 is illustrated

transparent, so that to display the positébn of the components. Both
multi-layer films 7 comprise four single layers, bonded together. The films
JiLmetealy Srpledurldon PRINeeaRBRLOUS edges 23 by the
innermost polypropylene layer. A gas-tight aluminium layer is enveloped

by two polyamide layers, which in turn protect 20 the aluminium layer from
qg@_wgtg){hgnqﬁ{gw\,@ming on the multi-layer film. The evaporator 2
comprises two superposed single-piece spacers 11, onto which six
non-woven fabric plates 10 are placed. The non-woven fabric 10
ceyyiseseplutalityablaysr s dirgnyaiapeiisiaricro-fibre mats from
polypropylene. It is impregnated with water, being the working agent. Due

to 25 the external pressure on the capillary structure of the micro-fibres

tg, BOITLHANRISHADSRIMIRBISNeledoFae v alusenbwatetitiedjsnd
somewhat greater than it could be absorbed by the amount of the

sorption agent. At low ambient temperatures the excess water can freeze
apgh keen Fagim{%hh@fsm@tiaﬁté@mﬂ hak duwirgsgastisticnyanbBaghe six
non-woven fabric plates 30 10 are kept at a distance by specified folding

lines 24. Below a non-woven fabric a thermostat valve 8 is placed, from

WHICh @WRrkIBEARST VRRAeChANRR] 4 leadsito Rigepnliatas dtegdatBhape stil
from there into the sorption agent 19 1. The workin agent \f&;)our to size
cRanthdp49RtaRthdERMby ENBANWRRLAS J¥L q‘?ﬁ%? Ot WG ’

n

tha @RS ArASSHerardieRRisiashetey eralienldpkie tadingene another

T L

the top multi-layer film 7 is illustrated transparent, so that to display the
position of the components. Both muitliwiayer films 7 comprise four single
layers, bonded together. The films are hermetically sealed (welded) on the
continuous edges 23 by the innermost polypropylene layer. A gas-tight
aluminium layer is enveloped by two polyamide layers, which in turn protect
the aluminium fayer from destruction and allow printing on the multi-layer fitm.
The evaporator 2 comprises two superposed single-piece spacers 11, onto

which six non-woven fabric plates 10 are placed. The non-woven fabric 10

- comprises a plurality of layers of a hydrophilic micro-fibre mats from

polypropylene. it is impregnated with water, being the working agent. Due to
the external pressure on the capillary structure of the micro-fibres the
maximum water absorption. is limited. The volume of water filled is somewhat
greater than it could be absorbed by the amount of the sorption agent. At low
ambient temperatures the excess water can freeze and keep the interior of
the insulating box during glaciation at 0°C. The six non-woven fabric plates
10 are kept at a distance by specified folding lines 24. Below a non-woven
fabric a thermostat valve 8 is placed, from which a workin'g agent vapour

channel 4 leads to a regulator organ 3 and from there into the sorption agent
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5 via the thermostat valve 8, the hose line 24 and the regulator organ 3.
For the production of the cooling element according to the invention the
multi- layer films 7, c.f to Size are pre -sealed segment by segment, fitted
with the Y" may. by individual components and then welded in the region
of the sealing seam 23 10 up to a small suction opening. To the suction
opening a vacuum pump is connectedfthat evacuates from the cooling
element the air and gases that may be released. Followm? this the

duckim WpBHNSH2EFILYRRRHICANE PoRlidris sPe 3pdest v pisKiklepirstivahose
ihkesp fhe SHEtaR A aneanemds fieatafetybitohla Weldiogderaims When

that extent, that the material of the spacer 11 15 melts with the sealing
jdeduhtnslesarasHugedhR fyEblatRb ALt By Besaadanasusamponents

%‘E}éﬁ% %RHQP%PE%%%@%%@W&%%E%%@W% étH%n’fS only

g.1a shows variations, differing from the single-use cooler of Fig.I in the
Z@fgl%mﬁfj“‘?ﬁ@ﬂé%ﬁ%&ﬁ@@ Iﬂi@?ﬁ'@ﬁ’léﬁwé@é e eBHREHGRERN 3.

position from the evaporating region 2 into the sorption agent 1. The

sorption agent 1, in this case zeolite, had been filled into a separate bag

TP iarisvian % ieIspetng, e WlRrsRE Mo, the SRRiknike multi-
RAUIGRNNE RPN, the 25:hagdd baside he RN EQUARDY thed with the

&% ulator organ 3. For thlsc?éjrpose the regu ator organ 3 has sharp

EGL BT R GRS RrAF HRsher B HRISSVh HeFnaRliRg seam 23
i 16 RiessraNe eapsesRliBe PaotHE - ddiisn epianEAteRABa ety is

hose line 24 between the evaporator 2 and the regulator organ 3 is a

FRRUBSHUGRES R ERITRIB HRCoplive RIpsMtHER RIS ane gases that
ESTBRl RIILSSUFRD RYRThE thie arse @itbin snateral thiskoesairhit ﬁomon

allows an extremel%/ flexible connection to the working agent vapour. T

SkhERANBUEH R PRRC1BaldaEsRRE SheHedHmYHEPsD, Fyheated
Wwithsfirdings ReNAIvRY @RAREIGS FHate it iGreyery dirisnie dheHidisheer 11

melts with the sealing layer. Under certain geometric conditions it may be
advantageous to evacuate the evaporaior 2 and the sorption agent 1 at

separate positions.

Fig.1a shows variations, differing from the single-use cooler of Fig.1 in the
following:

The flexibie hose line 24 originates now from another position from the
evaporating region 2 into the sorption agent 1. The sorption agent 1, in this
case zeolite, had been filled into a separate bag 47 and additionally
envelopad by the multi-layer film 7. To produce the vapour connection, the
bag 47 has to be passed through by the reguiator organ 3. For this purpose
the regulator organ 3 has sharp edges, which by a forceful, external impact
on the covering multi-tayer film 7 pierce the enclosure of the bag 47. In this
configuration the flexible hose line 24 between the evaporator 2 and the
regulator organ 3 is a plastic corrugated hose, that due to its structure
withstands the external air pressure even in the case of thin material
thickness yet it allows an extremely fiexible connection to the working agent

vapour. The six non-woven fabric plates 10 are in contact on the foiding lines
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working agent again by virtue of the suction effect of the material in case a
partially acting heat source should vapourise on the contacts and
recondense at other positions. 5 The manufacture of the single-use
cooler according to Fig.1 a also differs from the manufacturing method of
the single-use cooler according to Fig.1. The bag 47 can be
manufactured separately. it does not ha@e to be evacuated and sealed
simultaneously with the sealing of the cooling element. 10 In a separate

nyfactri rocess | j ith-h i o
BRI e dmanma:

plemiihgoagehengdtnthy siffsecohipeneitiopealigeh ‘?ﬁé‘?ﬁd?ﬁ@‘iﬁg?@ firfgse @
! %’Pﬁ’aﬂs'ﬁng%ﬁt‘ﬁ%ﬁ"ﬁﬁé?%dﬁﬂféaé%e[@%ﬁo%ﬁ@éf@qfwbi@rh@&eslbi\@d 3dedndense

this exa the evacuation is carried out within a vacuum chamber, in 15

waiolhalt poaiy@ifents placed into it, including water, the working

component, are relieved of adhering and included, gas-producing

residues. The cooling element is welded to the still gpen se jngI seams .
ﬁ!ﬂ edtffers

while imansiastuiEmOCha IS AT RS R a8 SCEsIMAS Tt Fo

e e d ROAIR HASKURNENATBRES | 20k Ritk 2 fhRes e eyeRerateoading to Fig.1.
according to Fig.1 sectioned alon(%éLhe_Iine AA and in,aé)erspe_c_tive_view.

Thee\aRor4ibr a5 BRIt RS ElBf SRRAE G thEToRIE Tinde %s © Be
Ox,the, seeligpadsurireemibrarases andribesaximgvovérefabdtrtelement.
impregnated with water, are visible. All this js enclosed 25 by th : .

noltiageparae. IARLTASIIES T AR ot zeolie
nQUANQYANTaRHGAQISP hatiie tap mutilayer file dosimpreksiibraubl cooled

up to the spacer 11, thus compensating for the length contraction - .
e RIERE R EOBAEE THHD o AT BTG B aR0 oF ™

the RIARRTEP 2GR ARGVad WER Ui founatiemdibredseibigiose line
thefmostat valve 8 is
34. In this example the evacuation is carried out within a vacuum chamber, in
which all components placed into it, including water, the working component,
are relieved of adhering and included, gas-producing residues. The cooling
element is welded to the still open sealing seams while in the vacuum
chamber and removed as a completed unit from the flooded again vacuum

chamber,

Fig.2 shows the evaporator 2 according fo Fig.1 sectioned along the line AA
and in a perspective view. The evaporator 2 is folded into its cubic shape
along the folding lines 24. On the sectioned surfaces the spacer 11 and the
non-woven fabric 10, impregnated with water, are visibie. All this is enclosed
by the multi-fayer film 7. In the region of the folding positions 24 there is no
non-woven fabric 10, so that the top muiti-layer film 7 can press through up to
the spacer 11, thus compensating for the length contraction occurring relative
the outside film. In this manner a slight deformation of the evaporator 2 can
be achieved without the formation of creasesl.ﬂ The thermostat vaive 8 is
inserted on the left wall of the evaporator 2 between the non-woven fabric 10
and the spacer 11. All areas of the non-woven fabric 10 are in connection

with the thermostat valve 8 via the spacer 11.
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30 inserted on the left wall of the evaporator 2 between the non-woven
fabric 10 and the spacer 11. All areas of the non-woven fabric 10 are in
connection with the thermostat valve 8 via the spacer 11. 21 Fig.3 shows
the cooling element according to Fig.1 in the folded state prior to placing
it into an insulated transport box 12, that can be covered by a lid 25. On
one of its edges the transport box 12 ha$ a free space 26, into which the 5
working agent vapour channel 4 can be inserted. Thus the regulator organ
3 and the sorption agent 1 will abut against a lateral wall in the outside
region of the transport box 12. The six planes of the evaporator 2, fo

folded
inftdged shre | disseephnscriamethacsR RN Sifradadiy fﬂ@ﬁ%ﬁtﬁe@”m’ to

baxting ihRsting dniRYich-sRERM B PUPOSR Ot ARARNER0d RSB Ihe lid 25.
transported 10 goods. The top evaporator plate 5 can be fOIdég (ﬂ)%fnwﬁh

e MR K058 422 AP 12 BRI ISR RRARE! h the
raRRRATG Ry A2 vaiehdR i LrRYIdaslipasteof. R0 heing:gbletor organ 3

accommodate a heat source 18. The heat sources 18 contain in an.. )
afpbifR SO AN S ReRRIG, RISE, Wat, Beliticasig reoton
AV e ARPIR DR BESEUY Ofrthe ascersy 15T alishevisporatuvder éxlidigbinto a

exothermally. Throu%l the porous styrene insulation of the transport bgx 49
1P arReHRSy Rlagkitsa GRS BEEMAIS W HRe Qi Ok 'Zrmer ox 1+
oxXye N RiineABh e Hies e NAWOese Thledmeaimsnvidetisg Srentunesported

heating of the interior in that case when the fransport box.12 isinan , .
c GRS R R R RRPEEIY RS R S P B Ao O fisterir can
theempesiat &d her genssatianiafdhe healksolithestrtBdsett lmmaidscut-outs

uncontrolled. When the heat sources 18 provide more heat.than is
G lSE REPHISThERDR B WBRRIBE AR I PERRREBFISE S5a quree 18.

vapiriBa £ SCAREdBta thesation ageniidpaithtablentpeeaturaukthes of iron

COB o 2P o R SRE AR W R Sr e RaC O (16 acess by

hemogenepys ipdhrientisRigisagor@othermally. Through the porous styrene
insulation of the transport box 12 and/or through additional thin air channels
28 the cut-outs 27 the oxygen of the air reaches the iron powder. The heat
sources 18 ensure a heating of the interior in that case when the transport
box 12 is in an environment that is too cold relative the control temperature of
the thermostat 8. The heat generation of the heat sources 18 itself remains
uncontrolled. When the heat sources 18 provide more heat than is required
for the interior, the thermostat valve 8 opens and lets so much vapour to
escape into the sorption agent 1 until the temperature of the evaporator will
be again in the control range. Because the evaporator 2 contains only water
and steam, the temperature remains homogeneous in the entire evaporator
2. From the evaporator sections, where more heat occurs, for example from
the heat sources 18, the water evaporates while absorbing heat and in those
sections, from which heat ﬂoWs out to the environment, steam will enter and
coh';jense exothermally. Due to the capillary suction effect of the non-woven

fabric the water concentration can again equalise.
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2. From the evaporator sections, where more heat occurs, for example

from the heat sources 18, the water evaporates while absorbing heat and

in those sections, from which heat flows out to the environment, steam

will enter and condense exothermally. Due to the capillary suction effect

of the non-woven 30 fabric the water concentration can again equalise.

22 Fig.3a shows a heat source 48 in Z4gas-tight film enclosure 49 sealed

on the edges, that has an entry opening 50 and outlet opening 51. The
m@s%%ggwéaﬁﬁ@m@ papﬁrdoggs~fi@m filith eeatiiverierd psewtest on the
mixtures which upon entry of oxygen e nce an e thermi
(84665 1hef BRS A8 &P@a@@@gg"gﬁ ¥ § aer%”&%;éﬁ oi&glﬁsﬁ

thﬁ f@aglr@?ﬁ@wszﬁ%ﬁarmg@rmm nveitt tr@ihtmepams arevelgandstisgs 58,
a flexible lattice 5 e entry opening 50 is joined t

AR RE 850 0 BETL X TE St &L g i Percha o ced e &
byRall foetmeesiaksdaRkeaos tietniperengisdide dusdirofebglaaure 49. in the

adheswe ta e It| uIIed ff only to start the, t
AR SR A n o g (a8 ALETRe entry
ggﬁg%@)gmm utdmgsemh 5@hetagmomaens:swdhnarhm¢mm&3t daat at its
e fo e ceptre and Us can cq two | S £ a0 i £ 4
ARG 6B 8 I S SO H P D OSSR fhening o
aps iprigetedfbby 60, adiuemaemsectibmenum off tidyniostidrbihg heat source
prow dina ottom on_t t [ 609, |
et 25 DHTERA Cacopers TS aipSebh ety b oM Bnclosure
te(lﬁitﬂelmtstlre{@fji’yﬁnﬂ'he ;bmunéns@ ferat sthecgas sigitiauHiriensd, foat it can
e ai t 54 Slt ated | u Jn 13tiop X
6 %t{ﬁj eecﬂ] g%%nﬁ%‘ 'Sj?s%%ﬁcga\égé ﬁQdeEHm the %Eﬁ%%agng fan
coveusatbd boHom and one Iateral wall of the box 60. The flexible lattice
52 and both iron powder mixtures 58 are enveloped by the

gt source

Fig.3b shows the heat source 48 of Fig.3a placed info an msulated box 60,
illustrated sectioned. The air thermostat 54 is provided in a bottom corner on
the outside of the box 60. It contains a bimetallic spiral filament that opens
the entry opening 50 below a temperature of 5°C. The hose line 53 forms the
gas-tight connection from the air thermostat 54 situated outside through the
insulation of the box 60 at the entry opening 50. The heat source 48 is folded
in the centre and covers the bottom and one fateral wall of th.e box 60. The
flexible lattice 52 aﬁd both iron powder mixtures 58 are enveloped by the
gas-tight film enclosure 49. At the top end of the heat source 48 there is the
outlet opening 51. At this stage it is closed off by the adhesive tape 55. To
start the heat source 48 the adhesive tape 55 has to be pulled off. Due to the
entering air the exothermic reaction commences and heats the air situated in
the lattice, the heated air rises, flows out through the outlet opening 51 in the
box and from there flows outside through a small ventilation channel 59 in the
lid 61 of the box 60 and at the same time, with the air ti{ermostat 54 open,
lets new air, rich in oxygen, flow in through the hose line 53. The itlustration
of the cooling element, lining the box 60 and abutting against the heat source
48, is omitted.
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gas-tight film enclosure 49. At the top end of the heat source 48 there is
the outlet opening 51. At this stage it is closed off by the adhesive tape
55. To 25 start the heat source 48 the adhesive tape 55 has to be pulled
off. Due to the entering air the exothermic reaction commences and heats
the air situated in the lattice, the heated air rises, flows out through the
outlet opening 51 in the box and from Zi¥ere flows outside through a small
ventilation channel 59 in the lid 61 of the box 60 and at the same time,
with the air thermostat 54 open, 30 lets new air, rich in oxygen, flow in

through the hose line 53. The illustration of the cooling el t, lining.th
boig BoshetvaLtiRE eRRimsYahe r%aqrgaafe@%%ﬂﬁ%%eéié?f (SH5iTT 0. Curied

shows & HETMesiiape & ArAgs-Rardensd. its himetadinistriptd, suttading 29
in the shape of a spiral, is firmly joined on its inner end 41 to a hoysing 29
tifagis DEEeBIeBrRNS Ridy B IR e dreRdeas c%t%‘?ﬁ‘éaé%eaﬁ?m"géji%% 92&0 30,

ggﬁ:@gﬁﬁﬁ@k@ﬁﬁ@gﬁ@&mﬁtﬁ?@%ﬂmiBﬂafftﬂlewmﬂ{"mggagent
annel 4. The opening 31 is for b i f pi 8
o e S TS DL i S8 o

2%%%2‘%@”"“2‘2 r%h@ﬁ@r@g The mp@iﬁ@(ﬁ%@ﬂagﬁmﬁsmamwﬂm to its
ges 23, nestles again around the hose 14. Furth he . . s
RSB0 ATHANGHD e 241 Eh e 6 SNy Mieatiby e9es 23
SHEankng §iamaraAOhHEuUsased). frartibe onteidentbtitthenbiking and the

agent vapour channel 4 can be blocked from the putside. To start th
cgg%jmé%@&ﬁﬁﬁt@%\%@rﬁéeﬁ%e& \?’é]d‘.a%ﬁgqgfﬁ@?egéso ﬁgr?é @Pg(terated)

gfrg)}]% _rl%_ﬁgt%mlat@,lﬁxﬁﬂ%@\m&@éﬁh@oé@mwwﬁegr apenhehgonawilie blocked
e e AL TR 1AeN AL (ATO0a R B p e Teinoved
;’Bﬁﬁﬁfﬁ%’*&%&% ggthﬂfrtti;l@dhdm%wgpm?twatms@ thetresi§anayahdba the working
e A v TR e SRR Depon
formed in this embodiment by the thermostat valve 8 and the squashing
elements. Under the housing 29 of the thermostat valve 8 there is a layer of a
plastic net 43. Since the threads 39 of the net 43 are superposed at the
points of intersection, the working agent vapour channels will also remain
within the plane of the net. Good resuits are achieved with nets having a
thread thickness of approx. 2 mm with a distance of approx. 3 mm between
the threads. Although the micro-fibres of the nén-woven fabric are pressed
against one side of the plastic net 43 and the flexible multi-layer film against
the other side, sufficient cross-section remains for the working agent vapour.
When the cross-section becomes too small in some regions, e.g. in the in-
flow region to the thermostat valve 8, several layers of the plastic net 43 can
be superposed. The flexibility according to the invention of the evaporator 2

remains despite this.

Fig.5 shows a regulator organ 3, sectioned, that is held closed by that the
external air pressure deforms the mutti-layer film 7 to that extent, that a disc-
shaped sealing plane 16 is pressed against a sealing seat 17. The sealing
seat 17 is again formed by a piece of pipe 32, on the second end of which a
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within the plane of the net. Good results are achieved with nets having a
20 thread thickness of approx. 2 mm with a distance of approx. 3 mm
between the threads. Although the micro-fibres of the non-woven fabric
are pressed against one side of the plastic net 43 and the flexible
multi-layer film against the other side, sufficient cross-section remains for
the working agent vapour. When the &#ss-section becomes too small in
some regions, e.g. in the in 25 flow region to the thermostat valve 8,

spugiablavss oL e BlasicRRIABTR D bersunexnasedgatee fleutitithose 13 is

according to the invention of the evaporator 2 rem?ins despijte this. Fi

r D
REA gl aTD bR GRFTBE SR RTot PR R A Elobis 9 IHAP RASHD Vapour
extRIRFb RN, MRSt Aefonna henimudirdayelrBim 7 fodtbiet Brtesingle8,dn which

disc- shaped sealing plane 16 is pressed inst a sealing seat 17..The
SR SGEUBAS1E AFaToR ) A il BEB R SS TBT D e sealbsgat 17
Oi‘/\h"dﬁl el hﬂ ﬁ&ﬂgé'ﬁﬁb@rﬁﬂﬁﬁ?ctﬁ@fmgm%bﬁeill3.isTmﬁHiﬁdngfoma,lgmedssary
plastic hose 13 is pushed alsg on th rpendicular extensiqn 44 of th
WO 9Ge R FRPUGR YRaANHING b BRI Bl ReAed blaney16. The
glﬂﬁfg h@u_ShBIg @mea@bdtmet@@mg@m&% d&n diethitechoffidayeldéitm 7,
ack from the sealing seat.17 5 without being.hindered by the multi-layer .,
PP IS oL SHo b P RSB HG R S Te A S e i Jght on
jaine dbudibstiEs seatidgrplanedd. tHee skfiivgyrqrieisl Bniberfdedddtagainst the
side-pocket 45 of the multi-layer film 7,, appropriately cut ta,suit...This.sid
pOER 'E'QfSS%aglg%fé@’af@@%&ﬁ?n@ﬁgmu&”%%g 'gﬁg"‘ésé‘z@.“ é%géjr‘{fg@éu@g%Ll A
thaigeatinghglanevétisrressea dfimgsidher 1B4séaimgtseaplaficphtbandrawing

ft nultj-| film7 he Jifti d 34, ' ilti .
R e
fi|§gﬁ€rﬁ0\tb§©ext©m gatshalipash fpathelvodgegeagdnt Yepoaseanf lbe optimal
R AR S G 3 Bk oRllo" N He R iatically

automafica
closes as soon as the tilting force on the lifting lever 34 ceases to exist.

Fig.6 shows a further configuration of an evaporator 2 shown sectioned and
in perspective, that absorbs heat from an airflow to be cooled. The flow
channel 37 for the airflow is formed and expanded by the evaporator 2 itself.
For this purpose the evaporator 2, produced originally flat, after evacuation is
folded 180° about a central working agent vapour channel, that in this
configuration is formed by a perforated corrugated hose 13. The originally
opposite situated sealing seams 35 and 36 are now positioned directly
opposite one another. Because the internal ends of the film are cut shorter
than the external ones, the external ends 22 of the multi-layer film 7 can be
welded again and in this manner form the hermetically closed flow channel
37 for the airflow. At the rear end 46 of the flow channel 37 the flat airflow is

converted into a round flow geometry.

in the configuration shown the working agent vapour channel is formed by
two layers of a net-shaped spacer 11. The woven fabrics 10 are in thermal

contact with the flow channel 37.
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15 closes as soon as the tilting force on the lifting lever 34 ceases to exist.
Fig.6 shows a further configuration of an evaporator 2 shown sectioned
and in perspective, that absorbs heat from an airflow to be cooled. The
flow channel 37 for the airflow is formed and expanded by the evaporator
2 itself. 20 For this purpose the evaporator 2, produced originally flat, after
evacuation is folded 180 about a cent?dl working agent vapour channel,
that in this configuration is formed by a perforated corrugated hose 13.
The originally opposite situated sealing seams 35 and 36 are now
positioned directly opposite one another. %E*c?hjse the intefrnal ends o

f th
fiinabi didshSHEMES e (RT3 A ARG, (16 ERPeRdo2D Tt fiament

npuliavey Bbaolicanbenwetdedagaimesd fimthis imanngedomiotheree pockets
hermetically closed flow channel 37 for the airflow. Ag the rear end 46 of

(8 AV Eh R TR A BRASRIAE ALVNE S v Hlgg, agent vapour
asesmeky. 80 Thihegarfligyuratienishewodheciverkish ageanvdmodormed by a

channel is formed by two layers of g, net-shaped.spacer 11. The woven.. .
R A TSR P A R oA G e Baion i
Figifcshewssiathe doumef prakseiol the sedion sdracdiotingefanibie, Tiledhree
with sorption agent. The multi-layer film,7 is divided into three . .
WIRERHSR %ﬁﬁ%@%ﬂ‘%’fﬂ g%{ﬁgfﬂe!?%ﬁﬁ%?{k%e V\?grﬁﬂ%reég\g]%i?@ﬁéﬁlr able
chaanriprébeunotiingsagaakiipolr itleanyieh gscayion soddheditsrathere is no
perforated corrugated hose (not illustrated), that due,to its cerr ion. |
26111 ey A PSSR B T o e g ugated
thiese STHlientagertpinekete HR cootairbbuikded|te, thasemypasadeginns 39,
stable against pressure but is. inflexible..In the b gions 39, where
tﬁ@r@r]@%% 38 QEBm@l‘?ﬁiﬂ«?d?E © Qtfac%‘d* d #8%%%?%?(%0%6% to the

flexible corrugated hose. The entire cooling element can be folded on
these bypass regions 39, to enable an optimal adaptation to suit the
relevant task.
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26 Patent claims 1. A cooling element with a sorption agent, that under
vacuum can sorb a vapour-like working agent that evaporates from a
liquid working agent in 5 an evaporator and with a regulator organ in a
working agent vapour channel between the sorption agent and the
evaporator, characterised in that the entire cooling element is
hermetically enclosed by a gas-tight na@lti-layer film, the multi-layer film
has a flexible construction and is under vacuum so encloses the regulator
OfAR LG XRking agent vapour 10 channel and the evaporator, that the
evaporator and the working agent vapour channel remain flexible and the
working agent vapour can flow to the sorption agent only through the

regulater OiRaNeRnfsROQHRY £185MENbACSHENNT iR Clatet, whauasietisedsorb a

in that the regulator 15 organ has a valve that can be aﬁtuat d b}/ . y
deforvaiRithiken Wwesins: Faant shal QERYHemERMAE BN YE iR oAgent In
of the, preceding firimsd charpeerispddmtharthm raguateokiggnagent vapour
comprises a thermostat valve. 20 4. A coolirhgfﬁlement a%%go?rdirl? to Y. cod in
one GNARSIRNRE R IHIMSOrRHAMBRFINANH 105 BYE RREAREEIVANETE®
proviged ihihe sNRPASHERD R GROIHNG elemesticatporaiipeaniy pre gés-tight
the preceding claims, characterised in that the thermostat valve ..~ . ._
comphsékiaxasnfionrndhs Fam-bay Bl HItaNaR) & PRI ACIS & Wi 1°
the ligiidewQHENOAGRNE RIS 68 AHBY ElRMent acgandihg Wwakingregehteapour

preceding claims, characterised in that the sorption agent rises .
zeolit?EHehE o%&%l—%?%mé‘@e ﬁ/ﬁ%&p%a%?A%%ﬁﬁg)e grrr]:(g}ﬁ agent
accorging e aryrpRe afrikenpnesamingreiaines wolldrareyiseidvanbat ten flow to

evaporator comprises a non-woverl_lf bric from 27
the sorption agent only through the regulator organ.

2. A cooling element according to claim 1, characterised in that the regulator

organ has a valve that can be actuated by deforming the muiti-layer film.

3. A cooling element according to any one of the preceding claims,

characterised in that the regulator organ comprises a thermostat valve.

4. A cooling element according to any one of the preceding claims,

characterised in that the thermostat valve is provided in the evaporator.

5. A cooling element according to any one of the preceding claims,
characterised in that the thermostat vaive comprises a control body from

bi-metal and is in thermal contact with the liquid working agent.

6. A cooling element according to any one of the preceding claims,
characterised in that the sorption agent comprises zeolite and theﬁ

working agent comprises water.

7. A cooling element according to any one of the preceding claims,

characterised in that the evaporator comprises a non-woven fabric from
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which the working agent can evaporate and a spacer, that forms working
agent channels between the non-woven fabric and the multi-layer film, 5
8. A cooling element according to any one of the preceding claims,
characterised in that the flexible evaporator covers a plurality of internal
walls of a thermally insulated container, 9. A cooling element according to
claim 8, characterised in that at least & 10 surface of the evaporator
has a foldable construction. 10. A cooling element according to any one of
the preceding claims, characterised in that the liquid working agent
comprises substances which move the solidification point b&/ +3 to +4C.

15 1 WG EIR Y TSNS RN § BRATF BT thehserkdig Bamssworking
charaglaiisahRhEatibewering ASRNL YRR YEShaMR] AMBLRES:Jer film,

flexible corrugated hose. 20 12. A cooling element according to any one of
the preceding claims, characterised in that the working agent vapour

channelepmyisermdtiecaebhgsg that %%bgrﬁéluéﬁﬁ%% byexedndl claims,

squashing elements to prevent the flow of the working agent vapour. 25
13. AR5 BRIENIRICHIBING D 8ng GROBRIPle GRS g Ibiahhg, of internal

chargglieyised théhabiReiredidatar gieemprises a sealing plane that is
pressed by the multi-layer film against a sealing seat. 14. A cooling

element according to claim 8, characterised in that a thermally 30

isulateddtpRiairendigsbealisguceiat Hegtaittatesiar fPacs ak elone
ambient temperatures. 28 15. A cooling element according to claim 14,

charSiHarEa" i thaY ARO IS 565 B AORNRRRENYiRDder that supports

an exothermic reaction upon the entry of oxygen of the air.

10. A cooling element according to any one of the preceding claims,
characterised in that the liguid working agent comprises substances

which move the soilidification point by +3 to +4°C.

11. A cocling element according to any one of the preceding claims,
characterised in that the working agent vapour channel comprises a

flexible corrugated hose.

12. A cooling element according to any one of the preceding claims,
characterised in that the working agent vapour channel comprises a
piece of hose that can be squashed by external squashing elements to

prevent the flow of the working agent vapour.

13. A cooling element according fo any one of the preceding claims,
characterised in that the regulator organ comprises a sealing plane that

is pressed by the multi-layer film against a sealing seat.

14. A cooling element according to claim 8, characterised in that a thermally
insuiated container has a heat source that heats its interior space at

lower ambient temperatures.
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5 16. A cooling element according to any one of the preceding claims,
characterised in that the heat source is enveloped by a gas-tight film
cover and the access of the oxygen of the air is controlled by an air 10
thermostat. 17. A cooling element according to any one of the preceding
claims, characterised in that at ambient temperatures below the required
working space temperature the air thedfiostat opens and lets fresh airflow
to the 15 iron powder and at ambient temperatures above the working

spacen tepuIRkR s SV aBEy FRRY &b Kdievvin, tRalsersligisiementthe heat
according to any one of the preceding claims, characterised in that in

additiG? & EURRYSFRMPRERIsTighPHRACES BBVerURY TS EroliReipon

openifpgefeheyarskgedisientairakr19. A cooling element according to any
one of the preceding claims, characterised in that during storage the

outlet opening is closed and it is opened at the commencement of the
heat source. 25 20. A cooling element according to any one of the
preceding claims, characterised in that the insulating box comprises a
ventilation channel for the exit of the oxygen-deficient air. 30 21. A

co@ingelesvang asraring tecabyione ab thimprenesling daémgreceding claims,
characterised in that the sorption element is provided,in several portions, , .., .
inside A ARIRTL & IR B A Feninif AYEITRSIL Aiddva gt fim
one agothar andl tan hecsackhedtpy the/vekisgtageairviapounivisifdxtblean air
working agent vapour channels. 22. A cooling element according to any

one of%ﬁégg?ééaegjing claims,

17. A cooling element according to any one of the preceding claims,
characterised in that at ambient temperatures below the required working
space temperature the air thermostat opens and lets fresh airflow to the
iron powder and at ambient temperatures above the working space

temperature prevents fresh air to flow in.

18. A cooling element according to any one of the preceding claims,
characterised in that in addition to the eniry opening the gas-tight film

cover also has an outlet opening for oxygen-deficient air.

19. A cooling element according fo any one of the preceding claims,
characterised in that during storage the outlet opening is closed and it is

opened at the commencement of the heat source.

20. A cooling element according to any one of the preceding claims,
characterised in that the insulating box comprises a ventilation channel

for the exit of the oxygen-deficient air.

21. A cooling element according to any one of the preceding claims,
characterised in that the sorption element is provided in several portions

inside the multi-layer film and the portions remain displaceable relative
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5 characterised in that the working agent vapour channel is formed by
flexible plastic nets that keep open an adequate cross-section for the flow
of the working agent vapour. 23. A cooling element according to any one
of the preceding claims, 10 characterised in that an air channel is
provided between two portions of the multi-layer film folded onto each
other, through which heat can be abs@#hed in the evaporator. 24. A
method to evacuate a cooling element according to any one of the 15
PreceiBeAlsiRes. AR R IS eLkIBHBALD the 1Rsien ©bassaliRg ARk &ible
multi-layer film has a polypropylene spacer via which a vacuum pump
evacR BB EARBHYRRPYREBBNAE element and that after evacuation the
spacer is heated until it melts with the sealing seam of the multi-layer film

and forms a gas-tight, evacuated cooling element. 20 . .
22. A coolihg element according 1o any one of the preceding claims,

23.

24,

characterised in that the working agent vapour channel is formed by
flexible plastic nets that keep open an adequate cross-section for the

flow of the working agent vapour.

A cooling element according to any one of the preceding claims,
characterised in that an air channel is provided between two portions of
the multi-layer fitm folded onto each other, through which heat can be

absorbed in the evaporator.

A method to evacuate a cooling element according to any one of the
preceding claims, characterised in that in the region of a sealing seam
the multi-layer film has a polypropyiene spacer via which a vacuum
pump evacuates the interior of the cooling element and that after
evacuation the spacer is heated until it melts with the sealing seam of the

multi-layer filtn and forms a gas-tight, evacuated cooling eiement.



