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@ Method of and apparatus for drying products with a closed gas stream and a desiccant liquid; and products prepared

thereby.

@ A method of and apparatus for drying products with a gas
stream passing the product to extract moisture therefrom and
a contacting device {43) producing at least one desiccant
liquid layer (1) in the vicinity of the product (50) to be dried,
which liquid layer removes moisture from the gas. The gas
stream is bubbled through a substantially horizonta! liquid
layer or can pass between liquid film conducting elements
(58). The desiccant liquid is continuously regenerated in a
regenerator {(150). By means of several partial gas streams
and & contacting device having more separated liquid film
modules, a counter-current type of drying is possible. The
product to be dried can be heated to a predetermined temper-
ature by the desiccant liquid through the drying gas stream.
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METHOD OF AND APPARATUS FOR DRYING PRODUCTS
WITH A CLOSED GAS STREAM AND A DESICCANT
LIQUID; AND PRODUCTS PREPARED THEREBY.

This invention relates to a method of and an
apparatus for drying products with a closed gas stream
and with a desiccant (sorption) liquid reducing the
moisture content of the gas stream; and to products

prepared by said method or apparatus.

A well-known method of drying products consists

in that the material to be dried is brought into direct

contact
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with some gas, in most ¢ases with air unseturated with
moisture, this way the material gets drier, the gas more
and more saturated with moisture. Dryin- apparatuses in
common use &t present - especially the ones serving for
drying a relatively blg amount of produc ts - usually dry
with heated air of small reletive humidity, whilch is
released into the atmosphere after the drying had taken
vlece. This open gas stream drying is accompanied by a
gignificant loss of thermsl energy, and it is unsetisfactory
also because in some cases the products to be dried are
heat-sensitive, It can also be disadvantageous because of
producing air-pollution,

It was precisely the heat-sensitivity of special
products (medicines, gelatine, foodstuffs, etc.) which
nade drying with low {e.g. ambient or sub-ambient)
temps rature gas necessary. The small relative humidity
of low temperature gas, which is & prerequisite of
affective drying of these kinds of products, van be
achieved through diminishing the absolute humidity of
the gas. Therefore it hes been auggested e.g. in U,8B.
Patent No., 3,257,737 that the drying gas should be contasted
_with solid adsorbents which extract the moisture conient
of the gas., It has also been suggested e.g. in Ausirian
Patent No. 317,857 and in Bratish Patent No. 1,152.440 to
use desiccant (hygroscopic) liquids (e.g. aqueous soluvions
of lithium ehloride or ethylene glycol} to remove the

moisture from & gas. A continuous regensration of the drying

ny
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gas in this manner makes a closed gas stream also applicable.
The suggested solutions utilising a desiccant liquid cause
the liquid to contact with the gas stream in sprayed or
pulverized form, and the liquid particles carried away
by gas stream are held back by a drip separator. Such
a system from the point of view of energetics is theoretically
more favourable than the one working with heated air
essentially because thermal loss caused by the releasing
of the air into the atmosphere is omitted. Still, up till now,
closed gas circulation systems have only been used in case of
special drying problems, and whenever it was possible with
regard to the characteristics of the products to be dried,
the open air stream method with heated air was applied.
The reason for this is that the traditional type of closed
gas circulating driers requires costly investment, the circ-
ulation of large amounts of gas is highly energy-consuming,
and the desiccant liquid used for regneration is expensive;
these factors result in high operating costs.

It is the main object of the invention to provide
a closed gas stream drier which as far as costs
are concerned, is more favourable than the previous closed
gas stream driers and is competitive with the known open
air stream driers, even in case of a big amount of products
to be dried.

The invention is based on the following basic ideas;
(1) Contact between the gas stream and the desiccant liquid
should not be brmought about by spraying or pulverisation

of the liquid but with the aid of a gas-liquid
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contacting device placed in the path of the gas stream
whiéh 8llowes the separation of drying space and
regenerating space as used till now to be eliminamted.

(2) 1In a closed air streaem oirculation system the
emount of air to be used for a particular purpose is a
multiple of that used in an open system. For this reason,
the gas contacting device ueing desiccant liquid and
the product to be dried must be placed close to one another
and in such & way that the air stream should suffer the
leagt possible alteration in velocity and in direction
in the course of the circulation,

(3) Drying must be carried out not with low but
with such high temperature gas stream as is allowed by
the gcharacter of the product at all, To do this it is
expedient to heat the circulated gas stream by the desiccant
liquid,

(4) When regenerating the desiccant liquid the
evaporation heat of the steam eliminated from the liquid
must be recuperated into the liquid to be regenerated
with regard also to the heating needed during the
regeneratioh.

(5) mThe desiccant liquid gas contacting device
nmust be of a structure that can also be modulafly arranged,
and permit the application of the per se known principle
of counter—currentflow for drying of continually moving
products,.

Hence, in one aspect, the present invention comprises a

method of drying products with & closed gaa stream and
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a desiccant liquid wherein the following steps are per—
formed: introduecing the product to be dried into a drying
compsrtment; continuously circulating a drying gas stream
80 as to cause it to pass the product to be dried;
contacting the drying ras stream with a desiccant liquid
to remove moisture from the gas; and regenerating the
degiccant liquid by circulating at least a paft of it
throush regenerating means which remove moisture therefrom,
The essence of this method consists in producing at least
oné layer of the desiccant liguid in the vicinity of the
product when in the drying compartment, and contacting
the érying gas stream with sgid at least one desicecant
liquid layer.

The application of a liquid layer according to the
invention is advantareous in several respects. Firétly, it
renders unneces:ary the drip separator applied in the
known systems, while effectively preventing pollution
of the pgas stream by the liquid-drops, and thue it diminishes
the loss of the desiccant liquid also. Secondly, the
coelficient of Lﬁe mags transfer between the liquid and the
ges is more favourable here than with liquid particlesy this
zllows compact structure‘accompanied by a smaller pressure
drop of the pas stream. Tﬁirdly, it does not demand a
contacting, space separated from the drying cowmpartment:
the liquid layer can be estsblished quite close to the
product to be dried, Another advantn;je is that bringing
ahout a liquid layer is less delicante an operation than

sprayire known frow the previous solntions, because the
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danger of a block up is much less, end so is the need for

maintenance., This latter factor is of particular significance

. a8 the gas stream often transports dust and other pollution

beside moisture into the desiccant liquid, which block

/

up the holes in the spray nozzles.

An advantageous implementation of the method according

to the invention is to produce a substantially horizontal
desiccant liquid layer, and bubbling the gas stream through
sald horizontal liquid layer. By this it is possible to

dry bulk goods, for instance transported on a belt conveyor
which 18 conducted under or above the horizontal liquid
layer,

It is another extremely advantageous implementation
of the method wherein at least one desiccant liquid layer
1s produced by causing the desiccant liguid to flow on
liguid film conducting elements, and said contacting is
performed by causing said drying ges stream to pass
between gaid liquid film conducting elements, The liquigd
film conducting elements can be applied to form a curtain-
-like arrangement which may for example bound the drying
compartment,

Another aspect of'the invention consists in a method
of Grying product wherein tne following steps are per-
formeds dniroducing $i.e product to be dried into & drying
aompariment s sontinvously circulating a dryin. gas stream
o 88 Yo pauge it te pass the product to be dried;
contasetinz 4he drying wag strean with & desiecant liguid

»

Lo remove moizlure from the gas; and sregenerating the

#S‘:;K‘"mm‘"
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deslccant liquid by circulating at least a part of it
fhrough regenerating means which remove moisture therefrom,
The essence of this method consists in bringing about
a heat exchange between the desiccent liquid and the
product to be dried so thet the heat is transmitted by the
drying gas stream between the desiccant ligquid and the
product to be dried. |

It is practical to rmaise the temperature of the
desiccant liquid during regeneration to such a degree
that while contacting the desiccant liquid with the drying
gas stream the fempersture of the guas is raised to a pre-—
determined temperature, preferably over 40°C, for heating
up the product to the degree required. This method provides
for the possibility of diminishing the quantity and
velocity of the gas to be cifculated beczusas at a highexr
temperature the quantity of moisture sxtracteble with
1 kg air is dncreasing, and allows an efficient recuperstion
of the evaporution heat of the steam evaporatsd from the
desiccant liguid during the regeneration into the desiocant
Liquid to be regenerated., A further advantage is the
omigsion of cooling applied in the previous gas-—-liquid
contactors; this results in a simpler construction of the
gus=liquid contacting device.

dccording to a particulér execution of this method .
the desiccant liquid is & desiccant solution; 24id re-—
gonerating is perforued by evaporating the desiceant
rolution: and the steam evaporatad from the dssiccant
aniutiou 18 at least partly condeunsed by the desicecant

soluiion to be rerensrated, This permits hizhly economic

BAD ORIGINAL
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regeneration during which the energy requirement of regeneration -
can be reduced toza;zreat extent by spplying a multi-effect
boiling or a multi-stege flash evaporation. Compared

to the previous solutions where the evaporation‘heat of

the evaporeted steam is used for heating the sir which is

to predry the product it is an advantage that the gteanm
condensation with a liquid requires a smaller and‘cheapér
device than that working with air,

It is practical to boil the desiccant solution to
be regenerated with the steam evaporated from the solution
during regeneration. Fnergy requirement can be reduced
through concentrating the desiccant solution by mnliti-
-gffect boiling, and using the incoming solution to be
evaporated for condensing at least partly the steam
svaporatsed during the first or during the last boiling
process of the regeneration.

Regenergtion can be executed by heéting the desiccant
zolution tc be regencrated without causingit to boil, with
the gteam evaporated from the solution., In this case it
is particularly advantageous to regenerate the desiccant
solution with a multi-stage Llash evaporator,

According to a very advantageous implementation of
the method of the invention, tﬁe deslccant solution is Vo
be poolied before regenerastion as a function of the cooling
down of the desiccant solution during tne drying process
£¢ that the degiccant solution to be regenerated is of
& predetersmined temperature, The cooling sugzested here is
vital For the control of the oycle of the desiccant soiution,

T A
BAD ORIGINAL
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end is meant to complement the cooling down which occurs
in the degiccant solution on contact with the dryin; gas
stream. The degree of cooling must be altered for instance
according; to the seascon. The ccoling is preferably done
during regeneration,

According to another advantageous implementation
~of the method, tlie continuous circulation of the drying
gas stream is performed by conducting the drying gas
stream in a path section between thé product to be dried
and the desiccant liguid so that in said path section
the ratio of the waximum and minimum velocibty of the
drying gas stream is sraller than five to one and the
alteration of the direction of the drying cas stream
is less than 3C degrees. This measure results in a
relatively small demand ror ventilation power; this is
en important point in the economy of the whole drying
proceduie, The ventilation power can be further diminished
if the drying gas slream is conducted between the product
to be dried and the desiccant liquid substantially without
any alteration of velocity and direction,

It is practical to use 8ir as drying pas and an
aqueous soclution of calqium chloride as a desiccant
solution. The celcium chloride solution is psrticulariy
favourable owing %o it chespness, 1'he mothod according
to the invention is applicaeble not only rfor eliminating
the moisture of water but slso for diying materials which
contain a dilfferent kind of moisture by usirg an appropriate

" desiccant ligquid. It is possible, fox ins%ance, %o apply

BAD ORIGINAL @
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the present method for drying memterials containing alcoholis
ncigbure using closed air stream and petrol as desiccant
liquid.

4ccording %o a further implementation of the method
the drying gas stream consisgts of at least two parallel
partial gas sireamg: the product to be dried is moved
across said partial gas streams; and each of said partial.
ges streems is contacted with a desiccant licuid of specific
roncentration end temperature, In this way the drying
program for the product to be dried can be extremely wvaried.
For instance, according to a highly expedient implementation
of the method, each of said partial gas streams is contacted
with a more concentrated desiccant liquid than the desiccant
liquid contaoting the previous partial gas stream with
réapect to the direction of movement of the product to
be dried, This resulis in a counter-current between the
product to be dried and the desiccant liquid.

The method according to the invention can be
implemented also by produding at least two separated groups"
of desiccant liquid films of different conrnentrationg
placing saic groups of desiccant liquid films side by side
ir the way of said partial gas streams so that each of
said gas streams is contacted with its own at least one
group of desiccant liquid films. It is an advantageous
implementation wherein each of said groups of desiccant
liquid f£ilms is provided with own liquid eirculation; the
liquid circulation of the last group with respect to the
dirsction of movemeht of the product to be dried is fed
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with the regenerated desiccant liquid ocoming from said
regenerating means; the circulation of each preceding
group is fed with the overflow of the circulation of the
subsequent group; and the overflew of the circulation of
the first group is conducted into said regenerating means,
In this way counter-current is attained between the de-
gsiccant liquid and the product to be dried.

It 1s also possible to move the product to be dried
across the partiml gas streams and alter the temperature
of the product in a prescribed manner through controlling
the temperature of the desiccant liquid separately in
. each individusl group of desiccant liquid films. In this
mannexr the drying temperature also in case of continuous
drying can easily be programmed for each phase of drying.

A further aspect of the invention consists in
apvaratus for drying products with a closed gas stream
and desiccant ligquid wherein the apparatus comprises atb
least one drying compartment for the product to be dried;
at least one contacting device for contacting & drying
gas stream with a.desiccant liquid to remove moisture
from the gas; gas conduéting means for conducting the
drying gas stream in & supstantially olosed path through
said drying compartment and said contacting device; gas
circulating means to cause the drying gas stream to
circulate along said closed path; regenerating means for
removing moisture from the desiccant liquid; and liquid
circulating means for circulating at least a part of the
desioccant liquid through said regenerating weans and said
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contacting device. The apparatus is characterized in that
sald contacting device includes means for producing at
least one layer of the desiccant 1liquid to be contacted
with the drying gas stream; said at least one desiccant
liquid layer being located in the vicinity of the product
disposed in said drying compartment.,

In an em-bodiment of the apperatus according to the
invention the contacting device compriées a vessel for
produciﬁg a substantiaslly horizontal desiccant liguid layer,
sald vessel having on!its wall bubbling ceps for bubbling
the drying gas stream through said liquid layer, said vessel
being connected to said liquid circulating means SO &as
to cause the desiccant liquid to flow along said vessel,
end said Jdrying compartment is located ebove or below said
vessel, Preferably the drying coupartment comprises a
device for transporting the product to be dried through
said drying compartment, éaid transporting device having
openings for letting through the drying gas stream but not
letting the product to be dried drop, Advantageously the
transporting device is an endless b%%gwgggveyor, and said
gas circulating means are ventilators[placed side by side
along said belt conveyor,

According to anotﬁer embodiment of the apparatus
the contacting device comprises liguid film conducting
elements belng placed so that the drying gas stream is
paspging between paid liquid film conducting elements, &

high degree of operational safety and simple structure can
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be achieved if the coﬂbacting device further comprises a
recaptacle for receiving and holding the inodming desiccant
liquid, at least one pile lock to guide in {ilm form the
| liquid out of said receptacle, liquid distributing means
having at least one distributing?gurface connected to
said at least one pile lock and facing downwards, and liquid
outlet means, wherein said film conducting elements are
connected between said ligquid distributing surface and
said liquid outlet means so that they conduct liquid f£ilms
from said surface into said outlet means., This embodiment
1s not very sensitive to the pollution which might get
into the desiccent liquid from the drying gas stream, 1t
18 practical to arrange the liquid film conducting elements
- preferably strips or fibres - into at least one
substantially vertical plame, There is an excellent heat-
and mess~transfer between the desiccant liquid films
created on the thin fibres and the drying gas strecam. The
strips or fibres can be rade of s metal resistant to the
degiceant liquid or of & plmstic material which tolerates
the highest poscible temperature of the desiccent liquid.
One possible embodiment of the drying epparatus
according to the invention is applicable for products as
wood., This embodiment comprises a basement, a shell-roof,
end a false roof provided with openings for letting through
the drying gas stream and located between said basement
and said shell-roof, wherein said drying compartment is
located between said basement and gaid false roof, said

blowers
gas virculating means are ventilators/placed between said
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false roof and said shell-rovof, and snil contacting devioce
is pleced at s2id dryity; compartment so thnat sgaid at

least one vertical plene formed by seid liguid f£ilm
conducting elements in substantially perpendicular to the
drying gas =tream and extcndg between said basement and

gaid false reootf, In such en arranpgement the liguid film

gas contacting device is piaced at a houndary surface or

& cross-gection of the dryiug rnompurtment, said surface

or groas-~gestion being substantially jperpendacular to the
direction of the rasg vhtream., This arrangement ensures only a

mall pressure Jdrov ver the zas stream which results in

4]

& low energy consumpiion due to the ventilation,

4 very advantapeous embodiment ol the apparatus
accoréing bo the invention is wherein the contecting devics
consistyg of at least two liquid iilm modules placed side
by side, each liquid film wodule has its own liquid film
conducting elsments and own liquid circulating device
providing a liquid circulation to forw the liquid films
on said own conducting elements, and said liquid film
modules are provided with a common liquid channel inter—
gonnentitym said ligquid circulating devices, said common
liguid chara.l being connected to said liquid circuluting
aeana, Thus the npparatus has onse sinple regeneratlng
memnz baleagim: to ib, ~ti1ll each liguld £ilm module gels
& desiccant liguid whose activity is different From that
0f the others,.

e |
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According to a further embodiment the ratio of any
two flow sections of said gas conducting means between
sald drying compartment and saild contacting device isg
between 0,2 and 5; and saild contacting device is located
at said drying compartment so that the drying gas satream

flows between the product to be dried and said

contacting device with a directionsl change of less than
30 degrees. It i1s very advantageous if said flow cross
section ratio is befween 0.5 and 2, and said directional
change is substantislly zero degree, and the distance
bebween said drying compartment and said contacting device
is less than the hydraulic diemeter of saild gas-conducting
means between them,

dccording to a highLyadvantagebus embodiment of the
apparatus the desiccant solution regenerating means contain
a multi~effect evaporator or a multi-stage flash evapofator.
It is the latter which is more expedient with regard to
its simple operation, This embodiment guarantees very
sconomical regeneration also from the point of wview of
enexgy consumption,

4 further aspect of this invention consists in, as
en article of manufacture, the product prepared according
to the present method,

Further details of the invention will be described
hy taking reference tc the accompanying drawings which show,
by way of example, embodjments of the appsratus according

"to the invention, and in whichs
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Fig. 2

Figo 3
Fig. 4
Fig. 5

Fig. 6

Fig. 7
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is &8 schematic illustration of a first embodiment

of e drying apparatus according to the invention;

is a sectional view of a second embodiment of
the drying apparatus, talken along the Lline B—B
of Pig. 43

is another sectional view of the seooﬁd

embodiment, taken along the line A——4 of Fig. 4;

is a top view of the second embodiment of the

drying apparatus shown in Figs. 2 and 2%;

ls a sectional perspective view of a third

embodiment of the drying apparatus;

is & secltional top view of the third embodiment, .
taken alcwy; the line C—C of Fig. 53

is a circuit diagrem of the desiccant liquid
regenerator of the second embodiment as shown

in Figs. 2 to 4;

Figs., 8 and 9 are circuit diagrams of two other desioccant

Fig. 10

liguid regensrators a&pplicable in the drying

apparatus according to the inventiong

is a circuit diag;am of a multi—-stage flash
evaporator abplicable as & desiocant liquid
regenexrator in the drying apparatus éccording

to the invention,

Same reference characters refer to same or similar

elements throughout the drawings. -

|
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In Figure 1 a*casing 42 of a drying apparatus is
shown schematically. In the apparatus a, gas stream e.g.
an air stream which dries product 50 e.g. bulk goods
as shown in the figure, circulates in a closed circle in
the direction of arrow 64. Circulation is forced by
a fan or ventilator 66 which is driven by an electric motor
46 placed above a false roof 54 shown schematically, without
its holding means in the figure. The false roof 54 has
openings 47 in it which the air stream can get through.
The product 50 is situated in a drying compartment 40
under the false roof 54. After flowing through the product
50the now wet air stream gets into a contacting device
43 which causes the air stream to contact with liquid films 41
of a desiccant liquid. The desiccant liquid is forced by a
pump 141 into a regenerator 150. The active and hot desiccant
liquid comes into the contacting device 43 from a pipeline
44 above, it gets into a pot-shape receptacle 55, from there
over a pile lock 56 to a liquid distributing surface 57
facing downwards. From the liquid distributing surface 57
it gets onto downward directed liquid film conducting elements
58, e.g. fibres, said elements conduct it to a liquid outlet
channel 62, from there it departs through a pipeline 45.

The desicecant liquid diluted and cooled by the contact
with the air stream gets into the regenerator 150 through
the pipeline 45. The regenerator 150 displayed in the
drawing as an example contains a multi-stage flash evaporator

151, the liguid circulating pump 141, a pump 142
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for removing the distillate of the multi-stage flash
gvaporator 151 throuzh a pipe end 149, and a heat-exchanger
14% which is fed  with cooling water through pipe ends
144, Cooling in the iteat-exchanger 143 is essential for

the appropriate operation of the multi-stays flash
evaporator 151. The active liquid leaving regenerator 150
warms up while going through condenser 145, then gets

back to the contacting device 43. The condenser 145 gets
the heating steam through a pipe end 146, and the condensate
is carried away by a pump 147 through & pipe end 148,
Elements of the regencrator 150 and the heating after

the regeneration are well-known in themselves; so their
detailed description is unnecessary.

The embodiment according to Fig. 1 is particularly
advantageous when drying products with hizh heat tolerance
.8, bricks, as in this arrangement the temperature ol
the desiccant liqui¢ =hich has returned from the contacting
device 43 and has been Mcooled" there is still enough
for eliminating the moisture durin; the flashing process.

The application o the multi-stage flesh evaporator
151 shovwn in »ig. 1 is particularly advantageous in the
apparatus accordin: to the invention because it ;s Erot
the pointsof view of control, operation and reliébility
more favourable thexrn other multi-effect evaporators of
the same energetic efficiency. Here the evaporation does
not take place along heat transfer surfaces, so it is
less sensgitive to encrustation and corrosion, and its

the
construction does not become complicated even iffonsrpotic

—

— ~eaminlAt
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elficiercy 1u % ~ vag, weturally, an evaporator of
different arrangenent or construction ber se known can
equally be applied for the regeneration,

Similarly, to use the contacting device 43 ag shown
in Fig., 1 in the apparatus according to the invention ig
very favourable. This construction is not sensitive to
the pollution gébting into the liquid from the air stream,
and ensures thatthe contact between the liquid and the air
stream  has & good heat- and mass-transfer coefficient,

In the apparatus according to the invention the
drying compartment can be constructed and the product 50
to be dried can be placed in meny ways (suspended, fluid-
~bedded, geyser, chamber, tunnel or anything else), The
product can be moved during the drying process and the
drying gas can equally meat the products in counter-—,
gross—= or direct-current, _

Fig. 2, 3 and 4 ghow an embodiment of the
drying apparétus according to the invention which operates
with a substantislly horizontally moving ligquid layer 1
and with a horizontally moving productsesz above the
liguid layer. The product 2 e.g. soybéii?through a throat
3 gets onto & transperting device, in the drawing & belt
conveyor. The belt 4 has air transmitting openings 5 in
it which let the sir through but prevent the product 2
from falling off, The belt 4 is entrained around two pulleys 6
which are constructed to be capable of stretching and

driving the belt, for this purpose e.g. they can be indented.

e s
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or rubberizad. One of the sprockets 6 is driven by an
vlestric motor 8 through & driving gear 7. The loaded
belt 4 of the belt conveyor transports the product 2 from
%the throat 3 through thq drying compartment 25 whigh ig
situated in the casing 9 of the drying epparatus, then
through gate 10 transports it taﬁéollector 11 from where
the dried product is transported to the place of storiné
or utilization by a belt sonveyor or a pulley not shown
in the figure., The empty rum of the belt conveyor
pasges under the casing 9,

In the bottom pert of the casing 9, under the loaded
run . of the belt econveyor there is a lower air collecting
space 12, and above this but under the loaded run of
the belt conveyor thers is a liquid vessel 13. In the
liguid vessel 13 & desicecant liguid flows in ths direcction
of arrow 14, cwposite to the product 2 which moves in
the direction of arrow 15, 4bove the loaded run of
the belt conveyor, in the upper rart of the casing S
there is an upper air collecting space 16, Four blowers

74, 17B, 37C and 172 driven by slectris motors 234, 23R,

.Eyv and Z30, réspectively, suck the air from the upper

respective
air collecting space 16 through/suction porte 224, 228,

22C and 220, end force it through pressure tubes 184, 1EB,

i8¢ sné 18D and thrcugh openings 194, 19B, 19C and 19D
respectlvely. 7
fo the lower mir colleching space 12,/ From here the air -

bples Yhrough bubbling caps 20 situated in the wall

;EmDEWNNNN_ ﬁ%l
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of the liquid vessel 13 - one 6f the cups 20 is shown

in & magnified form in Fig. 2 < into the desicomnt 1iquid
layer 1 in the direction of arrow 2l, then, leaving the
1iquid layer 1 through the popenings '5 of the belt gets
into the layer formed by the product 2 to be dried, and |
after going through it the air gets back to the upper air
.collecting space 16, thus the air circuit is closed. The
liguid vessel 13 which is provided with bubbling caps 20,
in this embodiment functions as a contacting device 43
which brings about contact between the.air.stream and the
desiccant liquig. .

The four blowers 174, 17B, 17C and 17D bring
about four closedly circulating partial aiﬁ streams. The
Birst partlal air stresam goes through suotion port. 22&
and meets the arriving wet product 2. The second one goes
through suction port 22C, the third through suction port
22B and the fourth through sustion port 224, and this lasg
ons extracts from product 2 the last part of moisture
to be extracted. The desiccant liquid gets into tbe liquig
vessel 1% through pipe coupling 26 and departs through pipe
coupling 27, The arriving hot and active liquid is
bubbled through by the air of the last partial eir stream;.
and the departing, ®ooled and diluted liquid is bubbled
through by ﬁhe first partial air streanm, .

V'Using several partisl air streams brought aboub by
gpeveral  blowers 174, 17B, 17C and 17D is not only

advantageous with respect to flow ogonditions bup also
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vecantt ol ennivi o counter-current dryiang with the
product 2 and the desiccant 1liquid 1 moving opposite to
o8 anovaer, It is obvious that if there were only one
‘8ingle air gtream circulated by one blower, there
would be no counter-current drying in spite of the
product 2 and the desiccant liquid 1 moving in opposite
directions. The counter-current effect would have an
optimum efficiency if there were an endless number of
vartial air streams circulating side by side. In this
respect it is expedient to use as many partial air streams
as possible in drying according to the inve%fion.

It can be sesn in Figs., 2 to 4 thatZE;;ing
compartment 25 and the contacting device 4% are placed
immediately above one another, - forming two "flpors“
of the casing 9, in effect,

Another embodiment of the same type of arrangement,
different from the embodiment shown in Figs. 2 to 4, is
thgt the liquid vessel 13 is placed above the loaded run
ofﬁgglt conveyor., This is advantageous when the projuct 2
contains particles small enough to fall into the
liguid vessel 13 through openings 5 of the belt 4, and
so to pollute the desiccant liquid to en unfavoursble
Gegree, In such an embodiment thé air stream entering
through openings 194,.19B, 19C and 19D would first go
shrough the pfoduct 2, then through the liéuid lgyer 1.
another advantage of this embodiment is that particles of
sne product 2 fallen through openings 5 of the belt 4
BAD ORIGINAL @
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can be collected at fhe bottor of the casiné 9 and'from
there can be transported away as dried product from time
to time or continuously. It is also advantageous that
liquid drops which night have been carried away from the
}iquid layer 1 by the air stream,do not get %o product
2 but having gone through the blowers 174, 17B, 17C and
17D can be collected in pots or in channels formed in the -
bottom of tubes 184, 18B, 18C and 18D, and from there

can be fed back to the liquid circuit.

In the embodiment displayed in Figs. 2 to 4 the
bollutantswhich passed into the liquid layer 1 e,g, from
~the product 2 through openings 5 can be eliminated with
the help of a separating tank,well-known in itself, which
is inserted into the desiccant liquid circuit prefersbly after
the pipe coupling 27 in such a way, for example, that the .
liguid pouring into the separating tank can only depart
through openings placed at half-way to the full heigny
of the liquid level in the tank, Naturally, the tank mush
be cleaned appropriakely, the fluild nust be siimmed . ard
deporlits must be removed. .

The diluted desiccant liguid, in this embod%ﬁiﬁ;
a desiccant solution, gets into the regenerator, iq/case
of the embodiment shown in Figs. > and 4,intc & soluticn-
~gondenser, which consists of a liquid circulating pumi
TE, & vap$2 condenser'29 which is cooled by the ariiviag
Aiinted solution, & pump 50 for removing the ﬂiStiilEﬁﬁq
a zeenum-neated evaporator 31 and & pump %6, The pump 28

sonps the diluted solution through condenser 29 as & colling

) . .
BAD ORIGINAL
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melium. Lrom There the solution gebs into the evaporator
31 through pipeline 32. The evaporator 31 is heated by
steam throngh pipe-joint 3% and the condensate of the
heating steam departs through pipe%joint 34, The steanm
evaporated from the solution gets to the condenser 29
from the evaporator 31 through a pipeline 35, there it
gets éondensed and the distillate is removed by the pdﬁSv

30, The system of the pump 30 is such that together with

the distillate it is capable of removing the non-condensable
gases, %co. From the evaporator 31 the condensed, astive
golution is pumped by & pump 36 through & pipeline 24

§0 the pipe-joint 26 through which it gets back to.the
liquid ves%g$ %
also shown by/circuit disgram on Fig. 7 for the sake of

éeaThis desiccant solution fegenerator,is

better understanding.
In ﬁhe interest of lucidity Figs. 2 to 4 show the
gimples?t possible evaporator, wﬁich uses only ths
arriving solution to be regenerasted as cooling'medium
Zox scndensing the steam evaporated from the solubtion

during the regeneration. However, according to the invention,

it is more practical %o use instead a multi-effect evaporator '

whosgse energatic efficiency is highe:, for example as shown
in Pigs, 8 or § or & multi-stage Llash evaporatoxy for
¢xample as shown in PFigs. 1 or 10, .

Naturally in plece of the belt conveyor some other
wransporiting device cén equally be wused, and the product

.. can be taken through the drying compartuent 25 not only

ORIGINAL
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horizontally but also obliquely. The cross-section of the
liquid wvessel 13 is much higger then that of pipe~joints
26 and 27, for thisg reason it 1s practical for ensuring
uniform flow conditions - to let the desiccant solution
sgigggégfbsnﬁ'out of the liquid vessel 13 not only through
g single incoming and outgoing pipe coupling but through
many couplings along the width of the vessel 13.%

Figs. 5 and 6 show another embodiment which works
with/horizontally moving product 50 and e contacting
device 43 placed beside the product 50, bringing about a
vertical liquid film 41 of a desiccant liquid,

The product 50, sawn wood in the drawing, is pat

in carriages 5) with whesls supported in bearinga on
axle 52, and moves very slowly forward on floor 49 iz
the direction of arrow 53. Above the top of the proéuc:

50 the drying compartment 40 is closed by & falsé roor B4

The wholgodrying apparetus is closed from gbove by
a shell-roof 65 [which the false roof 54 is connectod
by suspending columne 65A., The ghell-roof 65 is ocloswd tn
two sides by walls 37 and 38 respectively; the walls
have gates 39 in them for the product 50, The air stree
circulates in the direction of arrows 641uukn;the effect
of blowers 66 and 66* driven by elsctric motors ..6
snd 46¢ respectively. built info a geparation wall 69,

From the blowers 66 and 669 the air Sieanm procsids
vetween the shell-roof 65 and the false roof 54, thaen
yhrough an opening 47 of the false roof 54 it goes ovew
-ato the drying compertwsnt 40 betwsen the floor &9

™
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w < the I{else roof 54, from there it gets to 1iqpid £ilms
41 of the contacting device 43, then through another
opening 474 between the shell-roof 65 and the false roof
54 back to the . blowers 66 and 667, As in the embodiment
ghown there ere two blowers 66 and 667, two parallel
partiel air gtreams come about, -

The contacting device 43 in this embodiment, as

shown in Figs. 5 and 6 consists of three liquid film.

modules 484, 48B end 48C placed directly side by side.
Each module has an individual liquid circulation and all
modules have a common lower liguid outlet channel 62

through which they are connected to a regenerator, not

C

shown here,with pipe-joints 67 end 68, The active hot P

desicecant liguid coming from the regenerator enters turougk
the pipe-joint 67, then gets more and more diluted by
circulaticn in liquid film modules 484, 48B and 48C as g

it ges the channel 62 in the direction of arrow &3,

5

then Ehrough the pipe—joint 68 it gets into the regeneratci.
The regeneraftor can be like the ones shown in
rig. 1 or Fig., 4 but multi-effect evaporators shown in
rigures 8 and 9 are also suitaﬁle, and so is mglti-staga i
flash evaporator of Fig. 10, ‘
The 1liguid film modules 484, 48B and 48C are
similarly constructed, for Thisy reason We describe the
1iquid film module 4&a, only. An upper reseptacle 55&
e placed under false roof 5. and is bounded by a pile

iock 56A, To the pils lock 564 & downwardly directed

1iguid distribuling surface 574 is connected. From the

BAD ORIGINAL
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liguid giasvrituting surface 574 there are liquid f£ilm
sonducting elements 584, e.g. fibres as shown in the
drawing, going down. Along the periphery of each of the
elements 584 a liquid film comes about, all the elements
584 belonging to the liguid film module 484 together

make up & liquid film group whose .characteristic feature
is that all the elements in the group zonduct desiccant’
liquid of the same concentration. The elements 58A reach
down to the lower collecting channel 62 placed veneath.

A suction pipe 594 starts from the bottom of the chennel
62 thus conducts the desiccent liquid to & liquid circulabing
.pump 604, The pump 604 circulates the liguid through &
tube 614 into the upper receptacle 554, from there throug:
the pile lock 564 it gets to the liquid distributing
surface 574, and then, slong the eiements 584 into the
lower collecting channel 62,

The upper receptacle 554 is separsted from the
upper receoptacle ot the neighbouring liquld film module
488, but the common lower channel 62 maskes it posgible
for +the liquid circulating oircuits belionging to‘tubes
614, 61B and 61C pass liquid to one another through 1t
Sections of lower channel 62 which belong to liguid Zilm
modules 484, 488 and 48C, respectively are separaced
from one snother by separating elements 162 providad with
cpenings, so that the'liQu;d stream 1s always Llowing
in the direction of arrow 63, without e mixinug effect
hoskward, Starting in the direction of arrow 63 the Tiyst

tiquid eireulating ciroiitbelonging to the Pirgt liguid

BAD ORIGIMAL.



..28.... =
£iim medule 483 gets the hot and active ligquid from the
regengrator, This is diluted by the air stream coming

from the drying compertment 40, 80 the liquid delivered

to the gecond liguid circulating circuitbelonging to the

}»l
| Bl
o)
&
|..I-

yuid £ilm module 48B in the form of overflow of the
fiyrst licuid circuleting circle is gomewhat diluted. It
15 the overflow of the lasi — in the drawing the third ~
ligquid circulating ciraiit yhich gebs back as diluted
end cold desiccant liguid to the regeneratior; said
“icuid conbtaining all the moisturo which had been extracted
from the product 50 by the air stream,
The two Dblowers - 66 and 667 bring about two
parallel parvisl air streams. The velocity of eazch of
such
the parbiael eir streams should be of & value/ that the
1icuid films along the conducting elements 584, 583 sng,

L]

5&C ere not disturbed by the &air stream, i.6. the air
stresm doss nob sarry off 1liquid pearticles Ifrom the fila.
"4 velocibty of L to 5 m/sec is suitable., Tne embedinent
shown in FPigs. 5 end & - similarly to thet shown in
Figs, 2 0 & - garries out ¢counter-current 4rying,

as the product 50 moving slowly in the direction of exrxrow
% ghile godng through the 4rying compertment 40 meets

ir stresns which hed been contacted with more and inore

B

active Gesiccant iiguid, 4 prerequisite of sa?d counter-
—surrent drying here, to0,1S to heve at least two wartiel
air streams., 1% 1S expedient to heve C2° pﬁrtial aiy

5 belonging to each 1iguid f£ilm module 48t, 488 and

4ec that is, the number of blowers should be equal to.that
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of the iiguid Lilw modules,

The concentration of the desicvcunt liguids
circulated in the 1iquid film modules 484, 48B and 48C
can be increased in a Soquence different from that of
the modules in space. The seéguence can be arranged as
seems best with appropriamte aobning of individual sections
of the channel 62 belonging to individual modules, For
instance, from the section or the shannel 62 belonging
to liquid film module 48C the Gesiccant liquid can get
into the section belonging %o liquid f£ilm module 484
insteéd of the one bslonging to ligquid f£ilm module 488
through the sBeparating element 162, and from there into
the section belonging %o liquid £ilm module 48B, In such
& way the spparstus &ccording to the invention e&a be
bdrogrammed with regard to the drying requirements or
the proéuct 5C going through the drying compartment 40,

In the eahvdimsnt ghown Lthe contacting dev.ice 4%
borders the dryirs compertmeni 40 on the left handg sido,

yas it were,

forming/a "liquid surtain®. is the liguid :ilm 4.
brought about asccording to the invention is essentially
dropless, the contacting device 43 can also -be placed a
the right hend side of the drying compa riment 40, wore-
over it cen be viaced in such a way that it divides >he
drying compavtment 40 into two parts, se.g belween the
two suacks of wood shown in Flg. 5, According to the
invension, the only important thing is that the closed
alr sirs Sm??éd through the contesciing deviece 42 during

recirculation, and the contacting device dﬁ and the 6ry&nﬂ

o i AL s e S
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re arraingid ord placed in such & way thet

crrarhr ant A0
RS AN LIRS SA N S

)

tne air stream éuffers the lcz 2t possible alteration of
veleocity and direction when going from one o the other.
It 1s obvious thaet these conditions are fulfilled in &ll
the embodiments mentionsd.

The type of the cortecting device 43 shown in

bet
(o1]

-
-

\n

is the same as thet shown in Fig. 1,

o

ut it cen also be made in a gifferent way. Several
contecting devices applicaéle in the apparatus according
co the invention ere described in U.S. Patents No. 3,857,911.
end 4,009,229, in Iungerien Patent No. 168,451 and in
British Patent No. 1,363,523. In the apparatus according
to the invenbtion it is highly advanteageous to apply an
acueous golubion of cgleium chloride in the conccntration
Z L0 to 50 % as a desiccant liguid. The pollution gettinb
'into the desicceni solution can be eliminated with a

tenk in the same way as . Gescribed in connection

to the embodiments shown in Figs. 2 to 4.

In Figs, 5 end 6 we do not show & regeneraior as

5% cen be the same as that in any of Figs. 1, 4, 8, 9 &nd
10, With the eppropriate selection of regenerator it

is glso possible to ensure for ths active solution arriv.ng
through pipe-Jjoint 67 to be as hot as is needed so thai

i+ cen heat the air streem and through it the p?oduct .
~ith the help of liguid film modules 484, 488 end 48C it .
is possible to set & Semperature program'for the product

=4 weing torovuzh bthe arying compartment 40,
/3 bC~——-o ~3 r*‘y_,.ng

g aenag

BAD ORIGINAL ( )

ll_.__



0013081

Flgs. 7, &, 9 and 10 show various embcdiments for
the regenerator, Having counsidered that the regenersbor
comes ebout from different connecting of devices per se
known, the warious regeneraftors to be gpplied in the
invention ere shown in Figs., 7, 8, 9 and 10 only with
circuit diaegrems. For the sake of clarity we marked each
operstion with a seperate schemabtic sign in the ciICuit'
diagrems but the invention can be realized also in such
a way that, for instance, more than one de¢vice is placed
into one casing.

Fig..7 represents the circuit disgrem of the
regenerator shown in Figs. 2 to 4 and described in xelestion
to these Figures in dessail,

Fig. 8 represents a regenerator which uses the
steaﬁ evaporated from the desiccant liguid for making
to boil the liguid to be regenerated, and the steam coming’
of the depertinz active liguid hests the incoming diluted
liguid. This regenerator is a multi-effect evaporator.

The dilubted liquid is pumped by a pump 70.into &
condenser 71, thererit serves as cooling medium for the
condenser 71, then while cooling the liquid evaporating
in heat exchangers 72 and 75 1t gets wermed further,
finally it gets into an evaporator 75 through e pipeline
74, This evaporabor 75 is heated from the outaide with
heat teken in., For inctence, according to thelembodiment'.
shown, steam is btaken in through & pipe-40int 76, this
gots condensed, and the condensabte departs through &

pipeline 77. Of course, flue gas, rediant heat, solax




rzy om sorethics 2ise cen wlso be used for heating,

wom here throvgh & heat exchanger 735 and a +throttlc 78

he 1ioui ts i > vhere it is f ;
the lioguid gets into en evaporstor 79, where it is further
ba4d t ed s ]
boiled by the s%team prcduced in the evaporztor 7H. Miom

here = pump 8% pumps the ligquid through the heat €XChanzer

72 to a pipe~joint 80 which is connecied to a pi ipe-joint

b

conducting the active liguid in the ¢ryer body itsclf,
al

e pipe-Zoirnt 67 in Fig., 6. The steam produced
in the eveporator 79 through a piveline 84 snd the
condensete of the’steam heating the eveporator 79 through
& throttle 81 geb in the conderger 71 end both heat there
the dil tved, incoming Gesiccant liquid, The condensed
Gistillate and the non-condensgble gases are removed by
z pump 82.

. Fig. 9 shows the circuit diegrem of an embodwment
of the regenerstor which is aglso a multi-sffect evaporator
ené wvses the steam evaporeted from the dilutsd liquid'
for hesting the incoming diluted liquid to be regenerated.

The diluted liquid is pumped to a condenser 91 by
& pump 90 as cooli r:edium, there it warms up, Then
cooling the depariing slready sondensed liquid in the-
heat exchanger 92 1% goes on warming and gets into an
eveporator 93, From here & pump 94 takes it through a
heet exchenger 95, where cooling the active liquid it
géts wermed, further to an eveporator S96. Here it is
evaporated with hoat teken in from outside, for example
#ith steam taken in through a pipe-joint 97. The condensate

e

of the steam departs through a pipe—joint 98. The sﬁeam

BAD ORIGINAL
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which kel aome ::c;ﬁ in the evanoretor o beils f{he
diluted liquid'in the evapecrator 8%, The condensged, cetive
liquid through e piveline S9 ge%s into the heak exchezger
G5, then into the heat exchanger_92, and departsi

through a pipe-joint 100 towards the
dryer body e.g. Lo the Dipe-joint 67 in Fig., 6. The

steam produced in the evapgﬁator 93 gets into the condenser
e

Ol through & pipeline 101,/condensate of whe steam heabing
the evaporabor 93 gets into the same place through a
throttle 102, there it heats the diluted liguid, bthen the
distillate produced by condensation and the non-

gases
condensabTe/a"e carried eway by a pump 103,

Fig. 10 shows the circuit disgram of s Furiher

th

(D
cr

)]

embo di o)

]

r=2generator In which the heal relsased

Q

during cordensing the steam eveporated from She liguid

d

by flash onl y warms the liguid to be regenerzied butb
does not evaporate it. This regenerstor ig & mulii-stage
flash evaporator.

The d¢iluted liguid is dfiven through condensers
112, llg and 114 by & pump 11l1. On lesving the sondenser
114 the liquid goes through a throttis 115. The pump 111
and the throitle 115 sre arranged in suvch 8 way that the
rressure of the liguid when going-through condensers 112,
113 and 114 iec bigger than the saturation prassure all
the wmay thro.:4, so vaporization does not oceccur enywkere,
The temperature of fthe dilutved liquid servihg es cooling
liquid in condensers 112, 113 and 114 is incrsasing. &fter

BAD ORIGINAL @
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the throttle 115 in an eveporator 116 steam is relemsed
from the lioquid without heat transfer. Thissteam goks 1
condensed in the condenser 113, The 1iQuid goes on to en
gvaporator 117 where more steam is released from it which ?
gots condensed in the condenser 112. The condensed active
liquid that is lerftis ;;rried back to the drying body by
e pump 118, e.g. in Fig. 6 to the pipe-joint 67. The i
digtillate condenced in the condenser 113 through = piﬁe~'
line 119 gets to the condenser 112, where it flashes.

The Qistillate end %he non-condensable gases &re pumpéd
awnay By a punp 120,

Ih the condenser 114 the diluted liguid to be
regeﬁerated snowlid 56 heated by heat taken in from ouk-
glde, for example with steam teken in through & pipe—joind
121, the condensate of thé ateam deparis through a pipe-
~joint iz2.

with respect Ho the conbtrol of equipments of the

¢

regenerator it is ¥pedient to alter Thse embodiments

described above in such a way that onLj a paft of the
ﬁiluteé degiccany liquid gets'concsntrated end the other
part i miwxed with the aoncentratad@part, It is this miﬁturg
which has to be used as active desiccent liguid in the
drying body. ' : .

For the sake of simplsT degeriptioz in' the embodiment
=bove we showed EwWO eveporators l.e. WO stsges only. buk
of course it is possible and advisable in the interest of

increasing hthe snergetic officiency %o apply more stagesg,
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In Pig. 10 it is shown that wheu the surplus heat
produced by the regenerator cénnothbe utilized in the
drying body or when the heat loss df the drying body is
little (e.g. in summer) the desiccant liquid regenerating
gystem should be ba}anced.'ln Fig. 10 there are two
expedient éolutions appliceble separately but also to-
gether. As to the fir§t solution tﬂe condenser 1}2 must
be provided with cooling mediﬁm from the cutsgide e.8.
cooling water and coolable gubsidiary surface e.g. coil
pipe. This latter can be placed in & s¢_arate casing, In
such a case the stean spaces must be coanected with pipe-
1ines., Oooling water can for exampls enber the heat
exchanger through & pipe-joint 123 end leave it through -
a pipe-joint 124. According to the second solution the
diluted liquid entering the condanser 112 is pre-cooled
in & heat-exchanger 127 which 1s cooled DY & medium e,g;
water enbering through a pipe—aoint'125 end leaving
through & pipe-joint 126,

Tn the ewsodiments asuording to Figs. 7, 8 and 9

tne condensers 29, /. &0

-, . . i U N T Bt 4 R PR e (SN -..F' r - JO‘
of Figs. 7, O &nd =, respuctively situsted DaLoxe sai
condenserd.
Eied fa bt I e
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As various changes might be made in the émbodiments.'

herein disclosed without departing from the scope Qf ,
the invention, it is understood that all matter herein
shown or described should be deemed illustrative and not

by way of limitation.
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Reference numbers i1 .he de&ééOel

Figs' 21 31 4 and 7

1 liquid layer 26 pipe-Joint
2 product - 27 pipe~joint
3 throat , 28 puamp

4 belt ‘ 29 condenser
5 openings 30 ’pump

6 wheel 31 evaporator
7 driving,geai . | 32 pipeline
8 eléctrio motor 33 pipe-joint
9 casing ' 34 pipe~joint
10 gate _ 35 pipelins
11 collector - ' 56 pump

12 lower air collect ~
ng Figs, }, 5 8nd 6

space
17 wvessel 37 wall
14 arrow | 38 wall
15 arrow 3% egates

0 . dyyi gcompartmsnt
16 upper air collecting 4 JIne pars

space 741 liguid film
176 ,8,C,0 ventilator 42 ocamsing .
188 tube 43 contaeting .Gevioe
194,8,C,D opening 44 pipeline
20 bubbling caps 45 pipeline
2L asrTow ' 46, 46* electric motor
224,8,C,D suction port 47, 474 openlrg
234,B,C,D electric motor ~ 484,B,C liquid film module
24 pipeline , 49 basement or floor

25 dryiﬁg sompartmeny 141 pung




(§%]

142 pump

143 heat-exchanger
144 pipe ends

145 condenser

146 pipe.end

147 pump .

148 pipe engd

149 pipe eng

150 regenerator

151 nulti-stage flagh
evaporator

50 product

51 carriage

b2 exle

53 arrow

54 false roof

55, 554 receptasle
56, 564 pile lock

57, 574 liquid distributing
surfeace

58, 584,B,C liquid film
conducéing alements

504 suction pips
60& pump
614,B,C tube

62 gchannel

6% arrow

64 arrows

&Y shell~roof

-

162

654
66,
67
68
69

k)
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suspending column

66 ventilator
Pipe-joink
pipe~joint

svparation wall

- separatiing element

Fig. 8

70
71
72
75
74
75
76
77
78
79

80

81
82
83
84

pump

condenser

heat ezchanger
heali exchanger
pipeling
evaporator
pipe;joint
ripsline
th}bttla
evaporator
ripse-joint
throttle

pump

Plmp

ripeline

Fig. 9_

90
g1
92
93
%

pamp
condsaser |
hegt exchanger
aveporabor

pump




} 4
M
i

e
)
\n

F.J
hel
(9

heat exchanger
gvaporator
pipe-joint
Pipe-joint
pipelins

Pipe-joint kN

o]

ipeline

throttle

condenser
condenser
condenser
throttle
evaporator
svaporator
pump
pipeline
hump
ripe-joint
pipe~joint

pipe~joint

{4

ipe~joint

e

ipe-joint

Y
o]

pipe—~Joint

heat emchanger
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CLAIMS

1. A method or drying produstg compriging the
steps of introdi-ing the preduct to be dried into a dryingj
compartmeﬁt:con:inuouslgg:&rculeting & drying gas stream |
80 as to cause it to rass/ Yhe product to be dried;

- contacting the drying gas siresm with & desiccaﬁt,liquid
to remove moisturs from the gas; ang regenerating the

desiccant liguic hy circulating at least a part of 4t

through regenerating means which Tremove moisture therefromj
characterized by producing at least one layer of the
desiccant liguid in the vicinity of the Product being in
the drying compartment, and cont-moting the drying gas
stragm with said at least one desiccant liquigd léyer.

2. The method according to claim l,charaotérizéd
in tha¥ said at loast ons desiccant liquid layer is a 7
substentially horizontel iiguid layer, and saild drying gac
s8tream is bubbled through ssid substantially horizontal
iiguid layer,

2. ‘Ths method according %o olaim'l;charaotarized
in that said et least ons desiccant liquigd igzyer is
produced by causing the desiccant liquid %o flow on liquié
film ceonducting elements, snd said contasting is perfoimed
by causing said drying gas stream $o pass behween said
liguid film conducting slements,

4. & method of drying products gsomprising the

steps of introducing the product Lo be dried into a drying



compartmcnt; contfﬂuouslyéﬁifcu lating & drying 542C2%§§% !
so as to cause it to paSSZthe product tc be drieds ’
contacting the drying gas stream with a desiccant liquid
to remove moisture from the gas; and regenerating the
dosiccent liquid by circulating at least a part of it
ﬁhrough regeneraﬁing means which remsves moisture therefrom,
characterized by bringing about a neat eychange between
the desiccant liguid and the product to be dried sovthat
the heat is transmitted by the drying gas sirean Letween
the desiccant liguid and the product to be dried.

5. The method according %o ¢laim 4, cheracterized
in that said heat exzchenge is performed by heabtirs the
desiccent licuid in the courss of sa2id regensys L:Cil SO
that the drying ges will be heated to & predeber:.ined
temperature by contacting the cosiccant ligquid during
said pgas circulatioa.

6. The method according to claim 5, characterisdd
in that seid predevsrmined temperature of the Jrying gen
is at least 40°C. |

7. The method according to any ci claims L %C 6,
sharacterized in vhat said desiccant liguid is & desiccant
sclution; said vopenerating 1s psxrformed oy evap orating
the desiccant soluatinng and the stesan even orated fron
the desicecant soluticn is at least partly condensed Dy
sooiccant solution e be repencrated,

n. Tre method 8GCOXIING to claiw 7, charatic.lsed
by that s8id evyenoration 1is performed by aulti-sffew
svaporstion; and the staai evavorated durirg the firsid
noitiug of tn. desiccand solution is at least parily

- -

BAD ORIGINAL

B




.

..3._
0013081

Tondensed Ly the incoming desiccant solution to Le
regenergted.

9. The method according to claim 7, characterized
in that said évaporation is performed by & multi-effect
Svaporation; and the steanm évaporated during the lagt
boiling of the desiccant solution is at least partly
condensed by the incoming desiCcaht solution to be
regenerated, B

10. The method tocording to claim 7, characterized
in that said evaporation 1s performed by multi-gtege
flashing,

11. The method according to any of claims 7 to 10,
characterized by further comprising the step of cooling
the desiccant sclution efier said contacting and befors
88ld regenerst ting in dependence on Lhe cooling of the
desiccant solution during said contacting so thay the
incoming desiccant solution t0 be regenersted ig of g
bredetermined tempermiturs,

12, The method accord 5o wny of claims 4 to 6,

J')

sharacterized by rurither comprising the step of producing
at lecst one layer or the desiceunt liquid in the vicinity
of The product beiizs in the drying compartment, and
contacting said gas strsam with said at least one dasiceantL
liguid layer

12. The method sccording to ery of claims 1 to 12,
charseterized in that said continuous circulation of
the drying gas stream is performed by conducting the drying
gas stream in a paith section betwsen Lhe product to ?e dris.

and the desicoant ligquid so that in gaid patll gection the
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ratio of the mayimum &nd mindimam velocity ér the drying
78 gtreanm 1is smuller thaun Live to one and the changé of
direction of flow of the drying cas stream is lessg than
20 degrees,

14, '%hé method according to claim 13, characterizsg
in that saig dryingz gas stream ig conducted between the
broduct to be dried and the desiscant 1.quid substantially
without any alteration of velocity and direetion,

15.  The wethod accordim: &s any of claims 1 to 14,
characterized in that saigd desiccant solution is an
&queous solution of ealcium chloride, and the drying gas
is air,

1o. The method according to any of glaims 1 to 15,
characterized by that said diying gas stream consighs
of at least two parallel partial gas streams; the product
to be dried is moved ascross rald partisl gas streama:
and each of said partisl gas streams is contected with
a desiccant liquid of specifiec concentration and tempersiurs,

17. The method according to oclaim 16, characterized
in that each of said partisl gas streams is conteacted
with a more concentrated desiccant liquid than the
desiccant liquid contacting the previous partisl gas stresm
with respect to the direction of movement of the product
to be dried, _

18, The m¢ thod according to ¢claim 16 or
17 characterized by further comprising the Steps of
Preducing at least two separated groups of desiccent
liquid films of different concentration; placing said

groups of desiccant ligquid films side by side in the Way.
) BAD ORIGINAL
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of said partial gas streams so that each of said partial
gas streams is contacted with its own at least one group
of desiccant liquid films.
19. The method according to claim 18, characterized

in that each of said groups of desiccant liquid films is
provided with its own liquid circulation or flow circuit;
the liquid circulation or circuit of the last group with res-
pect to the direction of movement of the product to be dried is
fed with the regenerated desiccant liquid coming from said
regenerating means; the circulation or circuit of each preceding
group is fed with the overflow of the circulation or circuit
of the subsequent group, and the overflow of the circulation
or circuit of the first group is conducted into said regen-
erating means.

20. An apparatus for drying products comprising at least one

drying compartment (25, 40) for the product (50) to be dried;

- at least one contacting device (43) for contacting a drying gas

stream (64) with a desiccant liquid (41) to remove moisture
from thegas; gas conducting means (58) for conducting the
drying gas stream in a substantially closed path through

said drying compartment (25, 40) and the or each said con-
tacting device (43); gas circulating means {66;174;178;17C;17D)
to cause the drying gas stream to circulate along said closed
path; regenerating means {150) for removing moisture from

the desiccant liquid; and liquid circulating means (36,141)
for circulating at least a part of the desiccant liquid
through said regenerating means (150) and the or each said

contacting device (43) characterized in that the or each said

contacting device {43) includes means (13,58) for producing
at least one layer {1,41) of the desiccant liquid to be

contacted with the drying gas stream; said at least one
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desiccant liquid layer (1, 41) being located in the vicinity
of the product (2, 50) being said drying compartment (25,40).

21. The apparatus according to claim 20, characterised
in that the or each said contacting device comprises a
vessel (13) for producing a substantially horizontal des=
iccant liquid layer (1), said vessel (13) having on its wall
bubbling caps (20) for bubbling the drying gas stream through
said liquid layer (1), said vessel (13) being connected to
said liquid circulating means (36) so as to cause the
desiccant liquid to flow along said vessel, and said dry-
ing compartment (25) being located above or below said
vessel (13).

22. The apparatus according to claim 21, characterised
in that said drying compartment (25) comprises a device
(4) for transporting the product (2) to be dried through
said drying compartment, said transporting device (4) having
openings (5) for 1étting through the drying gas stream,
but not letting the product (2) to be dried drop.

23. The apparatus according to claim 22, characterised
in that said transporting device is an endless belt conveyor
(4) and said gas circulating means are ventilators or
blowers (17A,17B,17C,17D) placed side by side along said
belt conveyor (4).

24. The apparatus according to claim 20, character-
ised in that the or each said contacting device (43)
comprises liquid film conducting elements (58) places so that
the drying gas stream is passing between said licuid film

conducting elements (58).
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25. The apparatus according to claim 24, characterised
in that the or each said contacting device (43) further
comprises a receptacle (55) for receiving and holding
the incoming desiccant liquid, at least one pile lock (56)
to guide in film form the liquid out of said receptacle
(55), liquid distributing means having at least one distrib-
uting surface (57) connected to said at least one pile '
lock (56) and facing downwards, and liguid outlet means
(62), wherein said film conducting elements (55) are
connected between said liquid distributing surface (57) and
said liquid outlet means (62) so that they conduct liquid
films (41) from said surface (57) into said outlet means
(62).

26. The apparatus according to claim 24 or 25, charact-
erised in that said liquid film conducting elements (58) are
arranged in at least one substantially vertical plane
which is substantially perpendicular to the direction of
the drying gas stream.

27. The apparatus according to claim 26, characterised
by further comprising a basement or floor (49), a shell-
roof (65), and a false roof (54) provided with openings
(47,474) for letting through the drying gas stream and .
located between said basement or floor (49) and said shell-
roof (65), wherein said drying compartment (40) is located
between said basement or floor (49) and said false roof
(54), said gas circulating means are ventilators or blowers
(66,66") placed between said false roof (54) and said
shell-roof (65), the or each said contacting device (43)

is placed at said drying compartment (40) so that
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said at least one vertical plane formed by said liquid
film conducting elements (58A,58B,58C) is substantially
perpendicular to the drying gas stream and extends
between said basement or floor (49) and said false roof
(54).

28. The apparatus according to any of claims 24
to 27, characterised in that the or each said contacting
device (43) consists of at least two liquid film modules
(48A,48B,48C) placed side by side, each lioguid film
module (e.g. 48A) has its own liquid film conducting
elements (e.g.58A) and own liquid circulating device
(e.g.604,61A) providing a liquid flow circuit to form the
liquid films on said own conducting elements, and said
liquid film modules (48A,48B,48C) are provided with a
common liquid channel (62) interconnecting said liquid
circulating devices, said common liquid chammnel (62) being
connected to said liouid circulating means (e.g.36).

29. The apparatus according to any of claims 20 to
28, characterised in that the ratio of any two flow
cross-sections of said gas conducting means (37;38,49,
54) between said drying compartment (40) and a said
contacting device (43) is between 0.2 and 5; and the or
each said contacting device (43) is located at said drying
compartment (40) sothat the drying gas stream is flowing
between the product (50) to be dried and said contacting
device (43) with a directional change of less than 2

degrees.
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30. The apparatus according to claim 29, characterised
in that said flow cross-section ratio is between 0.5 and
2, and said directional change is substantially zero
degree.
31. The apparatus according to any of claims
29 or 30, characterised in that the distance between
said drying compartment (40) and the or each said contacting
device (43) is less than the hydraulic diémeter of said
gas conducting means (37,38,49,54) between them.
32. The apparatus according to any of claims 20 to 31,
characterised by that said regenerating means (150 comprises
a multi-effect evaporator (e.g.70 to 84).
33. The apparatus according to any of claims 20 to
31, characterised by that said regenerating means (150)
comprises a multi-stage flash evaporator (151).
34. As an article of manufacture, a product prepared
according to the method of any of claims 1 to 19,
or by the apparatus of claims 20 to 33.
T.Z.GOLD & COMPANY
Chartered Patent Agents
European Patent Attorneys

9 STAPLE INN
LONDON WC1V 7QH

Agents for the Applicants.
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