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Herein is detailed a 3-rotor drying system (30,40,50) for producing technical air having a very low dew
point comprising three rotary desiccant dryers (2,21,22), each rotary desiccant dryer (2,21,22) comprising
a drying sector (2a,21a,22a) and a regeneration sector (2b,21b,22b), the rotary desiccant dryers (2a,21a)
arranged in sequence and sharing a common regeneration-air flow path (9) for passing regeneration-air
through the respective regeneration sectors (2a,21b,22b) of the rotary desiccant dryers (2,21,22) and a
common intake-air flow path (6,7) for passing intake-air through the respective drying sectors (2a,21a,22a)
of the rotary desiccant dryers (2,21,22) for dehumidifying the intake-air to product-air having a very low

dew point.
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OF INVENTION

Drving System for product-alr having a very low dew polnt

TECHNICAL FIBELD

Within the field of drvyving systems, there 1s a detailled

herein a drving system for producing technical air having a

very low dew point (1.e. very dry technical alr) at reduced

pr—

energy costs. Such systems are e.g. very sultable for

p—

produclng conditlioned ailir for very molsture sensitive

pr—

applications such as c¢lean rooms or lithium battery

g

production or for the production of gasses with very low

molsture contents.

BACKGROUND

pr—

Within the fileld of drving systems, there 1s a detailed

herein a drying system for produclng technical air having a

very low dew point (1.e. very dry technical alr) at reduced

energy costs. Such systems are e.g. very sultable for

—

producing conditioned alr for very molsture sensilitive

—

appllcations such as c¢lean rooms or lithium battery

pr—

production or for the production of Jgasses wlith very low

molsture contents.

In the art, 1t 1s known to manufacture drving systems for

pr—

the production of resulting alr having a very low dew polnt,

such as dew points below -30°C or lower. In the art, drying

systems are known, which are suitable for producing resulting

alr having very low dew points. However, 1n Jgeneral these

pre——

systems are not capable of producing technical air, 1.e. air

1n large volumes and at high flowrates for technical

pr——

purposes, or 1f useable at all, at reasonable energy or
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operating costs. Within the present disclosure therefore,

cechnical alr encompasses alr for purposes such as central

—

alr condiltioning of buildings, c¢lean rooms or other

production facilities, for spray drving towers, fluid bed

5 dryers etc., which for adequate function all rely on high

—

lowrates of alr with well-specifiled properties.

B

volumes and

Accordingly, the present 1nvention relates to drying systems

pr—

for the production o technical air having very low dew

polnts (1.e. very dry technical air), and 1s discussed 1n

10 that context herein.

—

In the art of producing dry technical air, 1t 1s well known

—

to make use of drving systems comprising rotary desiccant

drver, also called drying wheels or rotary dryers. An

pr——

15 advantage of these systems 1s thelr capacity for rapidly

— —
-

dehumidifyving large volumes of intake alr, e.g. 1n excess of

1000 m3/h, for technical purposes. In such drvyving systems

alr to be drilied passes through a desiccant layver embedded 1n

a rotary wheel, thereby becomling dryver and warmer, whereafter

pr——

200 the moist sector of the rotary drver 1s passed by rotation

—

to a sector of air-drying and deslccant regeneration and back

to an absorption position. Dependling on the entry air, such

rotary dryvers are capable of producing technical air 1n large

—

volumes and at high flowrates with a broad range of below

25 0°C dew points.

pre——

Also 1n the art of producing technical air having very low

dew points such as below -30°C, rotary desiccant dryers have

found widespread use, even for providing technical ailr having

30 dew points below -40°C or -50°C.

A considerable problem, however, when operating drving

systems comprilsing rotary desiccant dryers for providing

pr——

technical air at -30°C or below 1s the energy cost for
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pr——
—

.J. WwWlthin the field of

[*]

operating the drying systems.

lithium battery production, 1t 1s estimated that the primary

pr—

cost 1n energy 1s from operation of wvarious dry rooms that

pre——

are vital to the quality of the battery cells (Elllingsen et

al. J. Industrial Ecology, Vol 18, No 1, pp 113-124).

Figures 1, 2A and 2B detall drying systems (10,20) comprising

pr——

rotary desiliccant dryers of the prior art for producing

technical air having very low dew polints, such as discussed

in e.g. WO 2011/161693 to BryAir. The drying systems detailed

1n Figure 1 are based on a one-rotor system, whereas the

drving systems detalled 1n Figures 2A and B are based on two

pr——
—

rotary deslccant dryers 1n sedquence. A particular 1ssue of

the prior art drying systems for producing technical air

having very low dew polnts 1s that these rely on pre-cooling

pr—

and simultaneous drying of the entry air for the desiccant

wheel, which 1s both costly 1n energy as well as problematic

from a hyglenic position as condensation water 1s created,

which must |Dbe removed Dbefore microbial Or Dbacterial

contamination can become a risk. In particular, where

steri1lity 1s an 1ssue, condensation water presents an

unwelcome challenge.

pr—

For overcoming the problems of the prior art, the present

—

inventors have devised a drvyving system for producing

technical alr having very low dew polnt comprising at least

3 sequentially arranged rotary desiccant dryvers, the drving

pre——

syvstem of the 1nvention having 1mproved energy e

pr——

C1lclency

pr—

whille avoiding the production of 1liguid water and the

assoclated biological contamlnation risk.
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SUMMARY OF TH. NVENTION

Accordiling to the i1nvention, there 1s herein disclosed a 3-

rotor drving system (30) for producling technical alr having

a very low dew polnt comprising three rotary desiccant drvers

(2,21,22), each rotary desiccant dryer (2,21,22) comprlisiling
a drvyving sector (2a,2la,22a) and a regeneration sector

(2b,21b,22b), the rotary desiccant dryers (2,21,22) arranged

1n sequence and sharing a common regeneration—alr flow path

(9) for passing regeneration—-alr through the respective

regeneration sectors (2a,21lb,22b) of the rotary desiccant

drvers (2,21,22) and a common 1ntake-alr flow path (6,7) for

passing 1ntake—-alr through the respective drving sectors

(2a,21la,22a) of the rotary desiccant drvers (2,21,22) for

dehumidifying the i1intake-air to product-alr having a very

low dew point;

- wherein a mixing point (1) for return-alr 1s arranged on

g —
p—

the common i1intake—-air flow path (6,7) between a first (2)

and a second (21) rotary desiccant dryer, thereby defining

- a product-air flow path (7) for providing dehumidified

product—-alr having a very low dew polnt to a location

— pr—

of use (4) downstream from the mixing point (1) for

return-alr, and where on the product-air flow path (7)

the drving sector (2a) of the first rotary desiccant

drver (2) 1s arranded, and

- an 1ntake-alr flow path (6) upstream from the mixing

polnt (1) for return-alr for providing 1ntake—-air to

the mixing point (1), and where on the intake-air flow

path (6) the drving sector (Z2l1la) of the second rotary

deslccant drver (21) 1s arranged;

- Wwhereln a splitting point (12) for intake-alr 1s arranged

between the mixing point (1) for return-alr and the second

rotary desiccant dryer (21) on a first section (6a) of
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the 1ntake—-air flow path (©0), from which splitting poilint

(12) 1ntake—alir 1s diverged as regeneration-alr along the

regeneration flow path (9);

whereln a purge sector (Z2c¢) and the regeneration sector

—

(2b) of the first rotary desiliccant dryer (2) are arranged

on the regeneration flow path (9) such that the

regeneration—alr via an alr flow path (9e) first traverses

the purge sector (2c¢) and subsequently the regeneration

sector (2b) via a heater (b5) arranged on the regeneration

flow path (9) between (8b) the purge sector (Z2c¢) and the

regeneration sector (2b);

whereln the regeneration sector (Z21b) of the second (21)

rotary desiccant dryer 1s arranged subsequent to the

regeneration sector (2) of the first drver (2) on the

regeneration flow path (9), and

where upstream on the 1ntake-air (o6) flow path and

downstream on the regeneration flow path (9) from the
second rotary desiccant dryer (21) 1s arranged an 1nitial

rotary desiccant drver (22), where on the regeneration

flow path (9) between (9d) the second (21) and the 1nitial

(22) rotary desiccant dryer 1s arranged an 1nter-heater

(53) for lnter—-heating regeneration—-ailr Prior (e

traversing the regeneration sector (22b) of the 1nitial

rotary desiccant drvyer (22);

the 3-rotor drving system (30) further comprising a
return-air flow path (8) for providing return-alr from a
location of use (4) to the mixing point (1) for return

alr and one or more alr movling means.

—

By the provision of the drvyving systems (30,40,50) of the
invention, technical alr a having very low dew polnt can be

provided.
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BRIEEF DESCRIPTION OF THE DRAWINGS

Figure 1: Prior art 1l-rotor drying systems (10a,10b) for
producing technical air having very low dew polnts.

Figure 2A: Prior art 2-rotor drying system (20a) for
producing technical alr having very low dew point.

Figure 2B: Prior art 2-rotor drying system (20Db) for
produclng technical alr having very low dew point.

Figure 3: Exemplary 3-rotor drvyving systems (30) of the
lnvention.

Figure 4: Exemplary 3-rotor drying systems (40a,40b) of the
lnvention.

Figure 5: Exemplary 3-rotor drying systems (50a,50b) of the
lnvention.

Figure 6: Simulation of efficlency of a 3-rotor drying system
(30) of the 1nvention.

DETAILED DESCRIPTION

drying

In Filigures 1A and 1.

systems (10a, 10b)

O

pr—

B3 are detaliled two respective 1l-rotor

the prior art for producing

technical alr having a very low dew polnt and supplying the

produced alir to a location o:

—

use (4). Throughout the present

pr——

disclosure the drving systems of the prior art (10,20) and

pr——

of the present i1nvention

drving systems

1n the

pre——

context ot

(30,40,50), and hence also the two

(10a,10b) of Figure 1, are preferably detailed

alr conditioning for a room (4) for
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exempllfication of the operating principle behind the systems

pr—— pre——

of the prior art and of the 1nventlion. However, 1t 1s to be

pre—— pr——
—

understood, that while the location or space of use (4) of

—

product—-air rom  The drying systems (10,20,30,40,50)

— pr—
e

generally will be discussed 1n terms of alr-condilitioning of

rooms, such 1llustration 1s solely for the purpose of

pre——

exempliflication and that the drving systems of the 1nventilion

are sultable for use 1n numerous other contexts apart from
alr conditilioning, where technical air having very low dew

polnt 1s desired.

—

In general, product-alr 1s provided to a location of use (4)

via a product-air flow path (7) and may be removed as return-

alr from the same location of use (4) along a return-alr flow

path (8) or, optionally, along additional flow path(s) (4a)

pre——

for exit—-alir. The location of use (4) thereby does not form

pr— pr—
—

part of the drying systems of the present 1nvention

(30,40, 50) .

However, the present 1nvention (30,40,50) and the drvyving

systems of the prior art (10,20) are 1llustrated 1n the
context of air condiltioning of rooms and production
facilities 1n order to illustrate and discuss their

advantages and dilisadvantages with respect to thelr use 1n a

production line for producing lithium batteries.

pr—

The supply of technical air having very low dew point for

use 1n malntalning a very dry, alr-conditioned buillding

space, such as a clean room or a production space for the

—

production of lithium batteries, 1s a particularly i1mportant

pr——

aspect of lithium batteries production with a high propensity

pr——

for failure, due to lithium’s extreme hygroscoplc nature and

rapld, potentilally explosive, combustion when 1n contact with

pr——

water. Productlion specifications on the technical air for
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use within the production bulldings range between dew polnts

O

standards,

C

pr—

not at least due to difficulties

O

very low dew point during use of
the drving systems of the prior art (10a,10b,20a,20b) as well

as the drving systems

pr——

f the ailr 1n the productilon bui

f -20°C down to -60°C under present standards. Even at these

1t 1s estimated that the total production line

pre——

"1clency 1s only at about 50%3-60% of theoretical maximum,

1n controlling the humidity

ldings and clean rooms.

—

pr——
—

rely on recirculation of most

dehumidifier and the location o

pre——

In order to maintaln production of technical air having a

the produced technical air,

(30,40,50) of the present 1nvention

pr—

O the dried alr between a

pr——

f use (4), such that during

operation only enough amblent air has to enter the drying

systems as 1ntake—-alr 1n order

product—-alr during operation.

(10,20) and 1n the systems o

pre——

o compensate for loss of

In the prior art systems

f the 1nvention (30,40,50)

intake—-alir 1s also leaving as exit-alr after having served

—

as regeneration-alr for rotary desiccant dryer (s) (2)

comprilsed as dehumidifiers

1n the drving systems

(10,20,30,40,50). Usually, product—-air 1s controllably lost

durlng operation, e.g. by malntalning bulldling space

—

overpressure for preventing

pre——

entry of contamlinants by

diffusion. In Figure 1, this 1s 1ndicated by the hatched flow

path (4a) for exit-alr exliting the air-condilitioned room (4).

The 1l-rotor drying systems

(10a,10b) of the prior art are

constructed around a mixing point (1) for return—-alr to which

intake—-alr 1s provided along an 1ntake-air flow path (0),

mixXxed at the mixing point (1) wi

th return-alr provided along

pr——

a return flow path (8) and distributed as mixed-alr for

product—-alr dehumidification and desilccant regeneratlion

along flow paths for respect

1vely product-air (/) and

regeneration—-air (9). The product—-air flow path (7), the
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location of use (4), the return—-alr flow path (8) and the

pre——

mixing point (1) under normal operation of the drying systems

(10a,10b) of the prior art form a semi-closed loop for ailr

clrculation, withlin which a substantially constant volume

pr— pr—

flow of alr cilrculates during operation of the drying systems

(10) .

In order to produce product—-alr having a very low dew polnt,

B

i.e. under -30°C, using a l-rotor drying system (10a,10b) of

the prior art, i1ntake-ailir 1s first subjected to cooling and

pr—

condensation of water comprised 1n the 1ntake-alr 1n a

cooling and condensation unit (3) arranged on the intake-ailr

flow path (6) prior to reaching the mixing point (1).

The cooling and condensation unit (3) comprised 1n the prior

pr— pr—
—

art drving systems (10) must be of sufficlent cooling and

condensation capacity for obtaining intake—-ailir at the mixing

poilnt (1) that 1s sufficiently dry such that when the dry

intake—-alir 1s mixed with the return—-air at the mixing point

(1), the mixed—-air diverged along the product-alr flow path

(7) 1s dry enough for a drving sector (Za) of a rotary

deslccant dryer (2) arrandged 1n the product-alr flow path

pre——

(7) between the mixing point (1) and the location of use (4)

to remove remalnling water 1n the mixed-alir to an extent

pr——

sufficient for obtalining a glven target dew polnt 1n the

product—-alir. Experience has shown that for providing a

sultable cooling and condensation unit (3) compromlses wlth

respect to hiligh operating costs, Ifreguent service and

malntenance (and assoclated production halts), and removal

p—

of condensation water from the cooling and condensation unit

(3) have to be accepted.

At the mixing point (1) of the prior art dryers (10), the

—

mixed—-alr, as mentioned, 1s split 1nto two airflows, one for
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obtalning product—alir by passage along the product-alr flow

path (7), and one for regeneration—-alr for passage along the

regeneration—-air flow path (9). In both flow paths (7,9)
there 1s arranged a shared rotary desilccant wheel (2)
5 comprilsing a drying sector (2a), a regeneration sector (2b)

and a purge sector (2c¢), wherein the drving sector (2a) 1s

arranged on the product-alir flow path (7) such that mixed-
alr can traverse the desiccant wheel (2) across the drving
sector (Z2a), thereby becoming product-alr having a very low

10 dew polnt, and the regeneration sector (2b) and the purge

sector (2c) are arranged on the regeneration-alr flow path

(9) such that mixed—-alr can traverse the desiccant wheel (2)

filrstly at the purge sector (2c¢) and subsequently at the

regeneration sector (2b). Between the purge sector (2c¢) and

15 che regeneration sector (2b) mixed-alr undergoes heating to

become regeneration—-alr 1n a heater (5) arranged on the

regeneration—-alr flow path (9) between (9b) the purge sector

(Z2C) and the regeneration sector (2b) . Thereby the

regeneration—-alr can regenerate the desiccant wheel (2) upon

pre——

20 passage of the regeneration sector (2b), whereupon 1n the 1-

pre——

rotor dryers (10) of the prior art, the spent regeneration-

alr 1s dilscarded as exit-air. In all figures, where bold

Arrows are shown on desiccant wheels (2), these 1ndicate an

pr—— pr—

optimal direction of rotation durlng operation of the drying

25 systems (10a,10b) of the prior art, and hence a preferred

pr——

direction of rotation. In Figures 1A and 1B, the optimal

—

direction of rotation 1s from drying sector (Z2a) to

regeneration sector (2b) to purge sector (2c¢).

30 In the 1-rotor drying systems (10), and after the

regeneration—-alr has traversed the regeneration sector (2b)

pr——

of the desiccant wheel (2), the regeneration air, which has

—

now pbecome cooled and molst compared to after passage of the

heater (b)), 1s discarded as exit-air. A particular problem
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pr—— pr——

of the 1-rotor systems (10a,10b) of the prior art, 1s that

pre——

while the exit—-alr has become cooled compared to after

heating at the heater (5), the spent regeneration-alr 1S

st1ll hot compared to elther ambient alr or the 1ntake-—-air

for the drving system (10). Typilcally, temperatures for the

pr—

regeneration—-alr after passage of the heater (5) must be

—

within the range of 140°C-170°C for obtaining su

pr——

"1clent

pr——

regeneration of the desiccant wheel (2) 1n the l-rotor drying

systems (10a,10b), 1f the product-alr obtained after passage

pr—

of the drying sector (Z2a) 1s to meet the required

speclfications of having a very low dew point. As this leaves

pr—

the product-alr very hot after passage of the drving sector

(2a), this has 1led to the development the two wvariants

(10a,10b) of the l-rotor drying system (10) for conditioning

pr——

che product-alr prior to use at the location of use (4).

In the first wvariant 1l-rotor drving system (10a), a cooler

(31) 1s arranged on the product-alr flow path (7)) after

passage (/b) of the drying sector (Za); respectively 1n the

second variant l-rotor drying system (10b), a cooler (32) 1s

arranged between (/7a) the mixing point (1) and the drying

sector (Z2a) on the product-air flow path (7) and an i1nter-

heater (51) 1s arranged on the product—-air flow path (7)

after passage (7b) of the drying sector (Z2a). The drving

system (10b) and the cooler (32) are often 1mplemented where

"1clency of the

extra cooling 1s needed for 1ncreasing the e
deslccant dryer (2). The coolers (31,32) may provide cooling
only but may also be coolers and condensers 1n one unlit such
as the cooling and condensation unit (3), but this 1s not

requlred 1n contrast to the cooling and condensation unit

(3) arranged 1n the 1ntake-air flow path (o).

Further to the above elements, the drying systems (10)

comprise (not shown) one oOr more alr moving means, such as
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one Or more alr moving means

(6—-9) for moving alr 1n the

pre——

needs and uses of the drying

osure, al. drving systems

—

(10,20,30,40,50) and embodiments thereof comprise alr moving

means such as detaililed above. However, 1n the context of the

present disclosure, the person

pr—

alr 1n accordance with his gener
the comprised alr moving means

the present disclosure.

—

of art 1s considered capable

of applying such alr moving means 1n flow paths for moving

al knowledge, and accordingly

are not detailled further in

pre——

l-rotor drying systems (10) for production of technical ailr

having a very low dew poilnt

are, while Dbeiling the most

expensive tTo operate, consldered less complicated to

manufacture and 1nstall and therefore enjoy widespread use

desplte the abovementioned problems. However, for reasons O:

pr——
—

process economy they are constructed for operation at or

close to their limits, which leaves very little room for

—

extra capaclty 1f needed.

2—rotor drying systems (20) of

1n Figures Z2A and 2B, suffer

the prior art, such as shown

pr——

fTrom a number of the same

drawbacks as 1l-rotor drying system (10) but are also 1n

wldespread use. In Jgeneral thelr construction 1s more

complicated than for 1-rotor s

vstems, and hence also more

expensive, however thelr operating costs are generally lower

and they can be 1nstalled with

pr——

the l-rotor systems of the prio

surplus capaclty compared to

r art.

The 2-rotor drving systems (20a,20b) for producing technical

pr—

alr having very low dew polnt o:

- the prilor art each comprise
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two rotary desiccant dryers (2,21), each rotary drver (2,21)

comprising a drying sector (2a,2la) and a regeneration sector

(2b,21b), with the rotary dryers (2a,21la) arranged 1n

sequence and sharing a common regeneration—alr flow path (9)

p—

for passing regeneratlion—-alr through the respective

regeneration sectors (2a,21lb) of the rotary dryers (2,21)

and a common 1ntake—-air flow path (6,7) for passing 1ntake-

alr through the respectilive drving sectors (Z2a,2la) of the

rotary dryers (2,21) for dehumidifying the 1ntake-air. A

mixing point (1) for return—-alr 1s arranged on the common

intake-alr flow path (6,7) between the two drvers (2,21),

thereby defining a product-alr flow path (7) for providing

dehumidified product—-air having a very low dew polnt to a

location of use (4) downstream from the mixing point (1) for

return—-air, where on the product—-air flow path (7) the drying

sector (2a) of the first rotary desiliccant dryer (2) 1s

arranged; and deflning an 1ntake-air flow path (6) upstream

from the mixing point (1) for return—-air for providiling

intake—-alr alr to the mixing point (1), where on the i1ntake-

—

alr flow path (6) the drving sector (21la) of the second

rotary desiccant drver (21) 1s arranged. A splitting poilint

(11) for mixed—-air 1s arranged between the mixing point (1)

for return—-alir and the first drver (2) on a first section

(7a) of the product—-air flow path (7) upstream from the first

dryer (2), from which splitting point (11) mixed-alr 1s

diverged as regeneration—-alr along the regeneration flow path

(9) via a mixed-alr flow path (9a). Between the mixing poilint

(1) and the splitting point (11) a cooler (32) 1s arranged.

A purge sector (Z2c¢) and the regeneration sector (2b) of the

first dryer (2) are arranged on the regeneration flow path

(9) such that the regeneration—-alr filrst traverses the purge

sector (Z2c) and subsequently the regeneration sector (2b)

via a heater (5) arranged on the regeneration flow path (9)

between (9b) the purge sector (2c¢) and the regeneration
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sector (2b). Further, the regeneration sector (21b) of the

second dryver (21) 1s arranged subsequent to the regeneration

sector (2) of the first dryer (2) on the regeneration flow

path (9), and on the regeneration flow path (9) between (9c)

the first (2) and the second (21) dryer there 1s arranged an

lnter—-heater (52) for 1nter—-heatlng regeneration—-alr prior

to traversing the regeneration sector (Z21b) of the second

pre——

drver (21). Further, the 2Z2-rotor drying system of the prior

art also comprise a return-alr flow path (8) for providing

pre——

return-alr from a locatlion of use (4) to the mixing poilint

(1) for return alr and one or more alr movling means.

pr——

Depending on the circumstances of use, the 2-rotor drvying

systems (20a,20b) of the prior art may comprlse respectively

(20a) a heater (51) arranged on the product air flow path

(7) downstream (7b) of the first dryer (2) (Figure 2A) or

(20b) a cooler (31) arranged on the product alr flow path

(7) downstream (7b) of the first dryer (2) (Figure 2B). In

g —
p—

both figures, additiona. ow path(s) (4a) for exit—-alir may

be present.

As observed for the 1l-rotor drying systems, 1n use the

pr—

product—-air flow path (7), the location of use (4) and the

regeneration flow path (8) form a semil-closed loop for air

clrculation, within which a substantially constant volume

pr—— pre——

flow of air cilrculates during operation of the drying systems

(20) . The purpose of the semi-closed loop for alr circulation

pr——

1s to reduce the need for fresh 1ntake—-air to the amounts

needed for system loss, i1ncluding controlled loss, and rotary

dryer regeneration. In dJeneral, the circulated return-alir

wlll have a dew poilnt, which 1s close to the target dew point

pr—— pr—

of the drving system (hence 1s of higher wvalue than the

intake—air) and Therefore can Dbe recirculated without
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mandatory treatment prior to mixing with the intake-air at

require entry air at about 10°C

che mixing poilnt (1).

accordingly coollng 1s o

ambilent alr to serve as 1ntake—-ailr

systems (20). Accordingly,

(3) shown 1n Figure 2.

pr—

In general, the 2-rotor drying systems O:

pre——

- Tthe prior art

for use as 1ntake-air, and
ften needed prior to permittiling

for the prior art drving

the cooling and condensation unit

both systems of the prior art

the cooling 1n cooler (52)

pr——

OL

flow path (6) to the second dryer
(20a,

20b) . Regardless thereof,

B arranged upstream on the i1ntake—-air

(21) 1s usually present 1n

—
-

the Z2-rotor systems has To be

gqulte 1ntensive 1n order to 1ncrease the e

deslccant and to provide mixed-ailr

pr— pr— L]

of the first rotary drver

for compensating

leaving the heater

(o) . The temperature of

(2)

alr after leaving the heater

which 1s su

(2)

pre——

pr—

pre——

pr— pr—

"1clency of the

for the purge section (2c¢)

"1clently cooled

for the heating by the regeneration-ailr
the regeneration-

remains high, about 130°C

to 140°C, and also the temperature of the regeneration-air

—

after passage of

the 1nter-heater (52) must remaln high,

typically above 100°C.

The present 1nventilion builds on the above observations by

the present i1nventors

for existlng 1nstallations whereiln no

adequate balance between 1nstallation and operating costs

have been found for the drving systems

use.

pre——

drying systems (30,

40, 50)

(10,20) currently 1n

It 1s the aim of the present 1nvention to 1ntroduce 3-rotor

for producing technical alr having

a very low dew point, such as having a dew point below -30°C,

below -40°C, preferably below -50°C, more preferably below -

55°C, and even more pre:

reduced operation

COSTS

—

INONS

the

drying

ferably below -60°C, wherein for the

systems of the
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invention, the added cost of 1nstallation by using a 3-rotor

pr—

system can be amortized wilthin a timespan of about 3 vears.

pre——

In some embodiments of the present i1nvention, the dew point

of the resulting product-air may be below -65°C, below -70°C,

below -75°C, below -80°C, or even below -85°C. These systems

pr——
—

are particularly suiltable for the subsequent production o:

technical gasses having a very low molsture content, but the

pre——

lncrease 1n gas gqualility 1s at the cost of 1ncrease energy

consumption for the dehumidification.

The present 1nventilion further builds on the observation by

pr—

the present 1nventors that 1t 1s a common problem of the

prior art drying systems (10,20), that to obtalin the above

100°C regeneration-air temperatures of the 1inter-heater

pr——

(52), and the above 130°C regeneration-air temperatures of

pr—

the heater (5), hligh exergy sources of heat are needed, such

as high power electricility, steam, combustive gas heating,
which sources are typilcally expensive both 1n i1nstallation

and operation costs.

Likewlise, the present 1nvention further bullds on the

observation by the present 1nventors that 1t 1s a common

pre——

problem of the prior art drving systems (10,20), that low-

value 1ntake-alr 1s mixed with high-value return-air prior

to Tthe final dehumidification 1n the aforementioned first

pr——

rotary dryer (2) thereby causing pollution of the air

clrculating the semili-closed loop for alr circulation formed

pr—

1n use by the product-ailir flow path (7), the location of use

(4) and the regeneration flow path (8). Thereby the load on

the first rotary dryer (2) 1s 1ncreased as more of the high-

value return-alr 1s diverted for regeneration-alr from the

semli—-closed loop.

Hence, according to the invention there 1s hereiln disclosed:
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A 3-rotor drying system (30) for producing technical air
having a very low dew polint comprilising three rotary desiccant
drvers (2,21,22), each rotary desiccant dryer (2,21,22)

comprlising a drying sector (2a,2la,22Z2a) and a regeneration

sector (2b,21b,22b), the rotary desiccant dryers (2,21,22)

arranged 1n sequence and sharing a common redgeneration-alr

flow path (9) for passling regeneration—-alr through the

pre——

respectlve regeneration sectors (2a,21b,22b) of the rotary

desilccant dryers (2,21,22) and a common 1ntake—-alr flow path

(6,7) for passing 1ntake—-alr through the respective drying

sectors (2a,21la,22a) of the rotary desiliccant dryers (2,21,22)

for dehumidifying the intake—-air to product—-alr having a very

low dew polnt;

- Wwhereln a mixing point (1) for return—-alir 1s arranged on

the common i1ntake—-air flow path (6,7) between a first (2)

and a second (21) rotary desiccant dryer, thereby defining

- a product-ailir flow path (7) for providing dehumidified

product—-alr having a very low dew polnt to a location

pr— pr—

of use (4) downstream from the mixing point (1) for

return—-alir, and where on the product-air flow path (7)

the drying sector (2a) of the first rotary desiccant

drver (2) 1s arranged, and

- an 1ntake—-air flow path (©6) upstream from the mixing

polnt (1) for return-alr for providing 1ntake—-air to

the mixing poilnt (1), and where on the 1ntake—-air flow

path (6) the drving sector (2la) of the second rotary

desiccant dryer (21) 1s arranged;

- wherein a splitting point (12) for intake-alr 1s arranged

between the mixing poilint (1) for return-alr and the second

pr——
—

rotary desiccant dryer (21) on a filrst section (6a) of

the 1ntake—-air flow path (©0), from which splitting poilint

(12) 1ntake—alir 1s diverged as regeneration-alr along the

regeneration flow path (9);
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whereln a purge sector (2c) and the regeneration sector

(2b) of the first rotary desiccant dryer (2) are arranged
on the regeneration flow path (9) such that the
regeneration—alr via an alr flow path (9e) first traverses

the purge sector (2c¢) and subsequently the regeneration

sector (2b) via a heater (b5) arranged on the regeneration

flow path (9) between (9b) the purge sector (2c¢) and the

regeneration sector (2b);

whereln the regeneration sector (Z21b) of the second (21)

rotary desiccant dryer 1s arranged subsequent to the

regeneration sector (2) of the first dryer (2) on the

regeneration flow path (9), and

where upstream on the 1ntake-air (o) flow path and

downstream on the regeneration flow path (9) from the

second rotary desiccant dryer (21) 1s arranged an 1nitial

rotary desiccant dryer (22), where on the regeneration

flow path (9) between (9d) the second (21) and the 1nitial

(22) rotary desiccant dryer 1s arranged an 1nter-heater

(53) for lnter—-heating regeneration—ailr prior to

pr——

traversing the regeneration sector (22b) of the 1nitial

rotary desiccant dryer (22);

the 3-rotor drying system (30) further comprilising a
return—-alr flow path (8) for providing return—-air from a
location of use (4) to the mixing point (1) for return

alr and one Or more alr movling means.

1s a particular advantage of the drving systems (30,40, 50)

the 1nvention that they can be operated without comprising

coolers, 1n particular without comprising cooling and

condensation units, vyet still provide product-air having a

very low dew point, e.g. below -30°C.

The underlying reason 1s 1n part that the present 1nvention

— —

overcomes the problem of regeneration-alr pollution of the
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alr clrculating the semi-closed loop for alr circulation

—

OL UseE

formed 1n use by the product—-air flow path (7), the location

(4) and the regeneration flow path (8) by divergiling

pre——

the regeneration-alir prior to the mixing point (1) for

—

return—-alr but also that most of the humidility 1s removed by

the 1nitial rotary desiccant dryer (22) at low cost before

the 1nt

whereln

ake—alr has undergone further process steps, and

the exlt—-alr comprising the largest molsture content

1s removed at the last station 1n the dryling process.

In a pre

ferred embodiment, the 1nitial rotary desiccant drver

pr—

(22) removes at least 90% by weight of the 1nitilial moilsture

content

welght,

least 98% by welght, or preferably at least 98.5% by weight

—

However,

polnts,

comprised 1n the intake—-air, removes at least 95% by

at least 90% by weight, at least 97% by weight, at

of the 1nitial moilsture content comprised 1n the 1ntake-air.

"or obtaining product—-alir having the lowest dew

such as e.g. below -50°C, cooling may be necessary,

g

both for product—-air quality and for alr conditioning 1f the

location of use (4) 1s a room or a builldling space for human

use. In

system

pre——

Figure 3, preferred embodiments of the 3-rotor drying

(30) of the 1nvention comprising a cooler (33) are

exemplilfied.

pr——

In accordance with one embodiment of the 1nvention, the 3-

rotor drying system (30) further comprises a cooler (33)

arranged on the 1ntake-air flow path (6) between (ob) the

second (21) and the 1nitial (22) rotary desiliccant drvers. In

the examples below we present simulation values for a 3-rotor

drving

system (30) of the 1nvention 1mplementing the

pr——

embodlment comprising a cooler (33) and comparative data for

pr——

corresponding embodliments of the prior art (10a,20b).
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pr——

A particular advantage of the embodiment further comprising

a cooler (33) 1s that since the majority o

pre——

"he 1nitial

molsture content has been removed from the 1ntake—-alr by

adsorptlion 1n the 1nitial rotary drver the cooler

(33) only

needs to provide low 1ntensity coolilng, such as cooling from

below 60°C, from below 55°C, from below 50°C,

from below

45°C, from below 40°C, or from below 35°C and down to room

temperature, such as e.g. between 15°C to 25°C or 20°C.

pre——

Particularly, 1t 1s an advantage of the present 1nvention

that 1t does not requlre pre-cooled intake-air

—

pr—

INONS

—

efficient

production of technical alr having a very low dew point. The

prior art drying systems (10,20) generally require pre-cooled

intake—-alr, which 1n accordance with the standards of the

business has been cooled to 10°C before entering

pre——

syvstems of the prior art. The drving systems

(30

che drying
,40,50) of

the present i1nvention are functional even, when the 1ntake-

alr 1s at amblent temperature.

pr——

Likewlse, 1t 1s a particular advantage of the present drving

systems (30,40,50) of the 1nvention that the

1ntake—-air

volume can be reduced compared to the drving systems (10,20)

of the prior art when the same target dew point 1s

—

contemplated for product-ailir for a given location of use (4).

In Example 2 the situation 1s shown where for same volume

flows, the Improvement to the dew point by using the drving

systems (30,40,50) of the invention 1is between 6-8°C, and

accordingly, by lowering the volume flows 1n the systems of

—

the present 1nvention, some of this beneficial di

—

pr——
—

“erence 1n

dew polnt can be used to lower volume flows and hence 1ncrease

pr—— pr——

the economilc benefits of the drving systems of

compared to the prior art.

the

ilnvention
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As the temperature after passage of the cooler (33) 1s not

significantly 1ncreased by passage of the further two rotary

pr——

desiccant dryers (2,21), further cooling or heating for

controlling the temperature of the final product-alr prior

to entry to a location of use (4) such as a room or a building

space can, 1n Jdeneral, be dispensed with.

pr——

In an embodiment of the i1nvention, the 3-rotor drying system

(30) further comprises a splitting point (11) for mixed-alr
arranged between the mixing point (1) for return-alr and the
first rotary desiccant dryver (2) on a first section (7a) of

the product-alr flow path (7) upstream from the first rotary

desiccant dryer (2), from which splitting polint (11) mixed-

alr 1s diverged as regeneration-alr along the regeneration

flow path (9) via a mixed-ailir flow path (9a).

As can be observed from Figure 3, when a splitting point (12)

1n accordance with the i1nvention 1s provided, the semi-closed

loop for circulating air can 1n fact be a closed 1loop.

Accordingly, and to prevent pressure bulldup 1n a location

pr—— pr——

of use (4), the location of use (4) must elther comprise a

flow path (4a) for exit alr or surplus circulation alr can

pr—

be used for regeneration alr by diverglng the surplus

clrculation air at the splitting point (11) for mixed-ailr

along the mixed-air flow path (9a) connecting to an air-flow

path (9e) of the regeneration—-alr flow path (9) prior to

pr— pr—

regeneration—-alr passage of the purge sector (2c) of the

first rotary desiccant drver (2).

—

In some embodiments of the present 1nvention, the splitting

point (11) for mixed—-alr may replace the splitting poilnt (12)

pr—— pre——
——

for 1ntake-alr 1n the drvyving systems (30,40,50) of the

lnvention. Thereby 1t becomes possible e.g. to 1mprove

exlsting 2-rotor dryiling systems by adding the 1nitial rotary
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22

deslccant drver (22) arranded as detailed herein. The variant

pr—— pre——

system of the 1nvention, however, will be less e

"1clent than

the preferred systems (30,40,50) of the 1nvention detailled

hereln.

pr——

In an embodiment of the i1invention, the 3-rotor drying system

(40a) further comprises an 1nter—-heater (52) for 1nter-

heating regeneration—-ailr prior to traversing the

pr—

regeneration sector (21b) of the second rotary desiccant

dryer (21) arranged on the regeneration flow path (9) between

(9¢c) the first (2) and the second (21) rotary desiccant

pr——

drvers. An exemplary embodiment (40a) thereof 1s detailed 1n

Figure 4A.

In general, the regeneration—-alr leaving the regeneration

sector (2b) of the first rotary desilccant drver (2) remalns

hot and very dry, even after regeneratling the first rotary

drver (2), and under normal operation, 1t 1s not necessary

to provide an 1nter—-heater between the first (2) and second

(21) rotary dryers, however, where operation 1s 1ntended to

pr—— pr——

approach the 1limits of the drving systems (40a) of the

lnvention, providiling the mentioned i1nter-heater (52) can be

particularly beneficial.

—

In some embodiments of the i1nvention, the i1nter—-heater (52)

may replace the 1nter-heater (53) arranged between the second
(21) and the 1nitial (22) rotary desiccant drver. Thereby 1t
becomes possible e.g. to 1mprove exlsting 2-rotor drying

syvstems by adding the 1nitial rotary desiccant dryer (22)

arranged as detalled herein. The wvariant system of the

pr——

invention, however, wlll be less e

"1clent than the preferred

systems (30,40,50) of the i1nvention detailed herein.
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e 3-rotor drying system

"1lter (41-43) arranged

on the common 1ntake-air flow path (6,7) for removing

alrborne particles from the i1ntake-ail

pr—

preferred embodiment (40b) of the

—
-

Figure 4B, the drying system (40b) o:

r. In the exemplary and
1nvention detailed 1n

the 1nvention comprises

at least three fillters (41-43), each respective filter

arranged downstream from a preced

1ng respectlve rotary

—
-

desiliccant dryer (2,21,22) 1n ascendilng order of filter class.

In general, 1t 1s considered that 1t

the person 1n the art to provide f1il

pr—

1s within the skills of

tered product-alr to a

pr——

location of wuse (4) 1n response

pr——
—
—

specification. In a particularly pre:

filter 3 (43) 1s a class Fo filter, f1

to a glven technical

erred embodiment (40b),

lter 2 (42) 1s a filter

selected from filter classes Fo to F9, and filter 1 (41) 1s

a class F9 filter. In embodiments

syvstems (40b) for locations of use (4)

low particle classes, a HEPA-filter

pr—— |}

from filter 1 (41).

pr——

In an embodliment of the i1nvention, th

pre——

of the present drying

requlring particularly

1s arrandged downstream

e 3-rotor drying system

(50) further comprises a cooler (32) arranged on the product-

alr flow path (7) prior to the first
(2) .

pr——

rotary desiccant drver

In an embodiment of the i1nvention, the 3-rotor drying system

(50a) further comprises an 1lnter—-heater (51) arranged on the

product—air flow path (7) downstream

pre——

desiccant drver (2) (cf. Flgure bLA).

p—

of the 1nvention, the 3-rotor dryin

(7b) of the first rotary

In another embodiment

g system (50a) further

comprises a cooler (31) arranged on the product—-air flow path

—
-

(7) downstream (7b) of the first rotary desiccant dryer (2)

pr——

(ct. Figure 5B). Thereby, and 1n accordance with the prior

art, the product-air suppliled to the

location of use (4) can
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be alr-conditioned prior to use, which 1s particularly

pr—

sultable for use of the product-air 1n buillding spaces and

rooms, such as clean rooms.

In accordance wilith current standards for rotary desiccant

drvers of the art, the desiliccants comprised 1n the desiccant

wheels can be silica gels, =zeolltes, actilvated alumina or

pre——

likes, or any comblnatilions thereof. Preferred, the rotary

pre——

deslccant dryers (2,21,22) for use with the 1nvention

comprlise desiccants selected from sillica gels, zeolites or

pr—

comblnations thereof, and particularly preferred are sillica

gels. Calculations presented hereiln below are based on rotarvy

deslccant wheels comprising silica gels.

The 1ntake—-alr can be ambient air; however, 1t 1s preferable

that the 1ntake-alr 1s pretreated ambient alr, which has been

pre——

pretreated to remove e.g. particles of dust, microbilial or

pr—

bacteriological contamlnants etc. In some embodiments of the

present 1nvention, the drying systems (30,40,50) of the

lnvention may comprise means for pretreatling alr to provide

intake—-alr arranged on the intake-alr flow path (6) prior to

the 1nitial rotary desilccant dryer (22).

EXAMPL.

L]
).

pre—— pr——
—

For documenting the performance of the drving system (30) of

the 1nvention 1n 1ts broadest aspect, we have simulated the

pr—

overall performance of the present drying system (30) with 1

pre——

l-rotor and 2-rotor drying systems of the prior art, where

1n the simulations, the sizes of the rotors were kept

constant between respective drying systems. Likewlse, the

pr——

intake—-alr volume flow and the target product—-air volume flow

were kept constant.
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—

The slmulations were based on calculations of dynamlic mass

and heat transfer between ailr and the rotor material, where

1n the calculations desiccant sorption 1sotherms, dynamic

heat and mass Transfer are taken 1nto account as well as

experlimentally determined parameters and 1nput data

proprilietary to the simulation too. producers. For

pr——

"erent simulation tools from

consilstency, we tested on two di

two different producers. The silmulations were considered

pr——

convergent, 1f the resulting data after ©-8 1terations did

not diverge more than the one standard variation between two

consecutlive 1terations.

g

The results of the simulations are shown 1n Example 1 and

Figure 6 and 1n Example 2 and Table 1 below.

Example 1:

Uslng standard intake-alr specifications for l-rotor and 2-

rotor systems of 4300 m3/h, 10°C @ 90% RH (7.6 g/kg H20) for

exchanging 1300 m3/h of air to a semi-closed loop circulating

30,000 m3/h, wherein the product-air has a very low dew poilnt

pr—— pre——

of -68°C after passage of the last rotary dryer (2), the

—

- the drving system (30) of the present i1nvention

simulation o1

pre——
—

1n 1ts broadest aspect, shows (cft.

F'igure ©6) that 1t 1s not

necessary to heat bevond 73°C nor to cool below 10°C at any

polnt 1n the drying system (30). In fact, the air leaving

the cooler (33) 1s not heated by more than 1.1°C in the

further two (2,21) rotary dryers and hence 1s sultable for

pre—— pre——

alr—-conditioning of a location of use (4), when the location

pr— pr—

of use (4) 1s e.g. a clean room or a building space for

lithium battery production.

It 1s a particular advantage of the drving systems (30,40, 50)

pr——

of the present 1nvention that only low temperature heating

1s requlred for regenerating the first rotary dryer (2),
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pr——
—

seldom above 75°C. Thereby the system can utilize sources of

low heat for regeneration, such as heated water from other

local heating, solar energy, district heating etc.

—

A further and significant, advantage of the 1ncreased ailr

pr— pr—

temperature of the 1i1ntake—-air 1s that problems of water

condensation, heat/cold loss, thermal bridges to the exterior

are significantly minimized by belng able to operate the

pr—

drying systems (30,40,50) of the 1invention at about room

—

temperature. This further provides for savings 1n the

pr—

construction of the cabilnet for the drying systems, as less

insulation will be needed for malntalning deslired operatilion

Cemperatures.

Example 2 - Comparative

Using the above specifilications, but using a more realistic

— —

production flow rate of air of 48,000 m3*/h as entry air, a

comparative study between a l-rotor dryving system (10a), a

2—rotor dryving system (20a) and the drving system of the

present 1nvention 1n 1ts broadest aspect (30). The results

are reported below 1n Table 1:

As can be observed from the comparative data, the 3-rotor

—

solution of the 1nvention 1s more cost e

—

"1clent over the 1-

—

"1clent over

rotor already after two years, and more cost e

both the l-rotor and the Z2-rotor drving systems already after
3 years, while providing product-alr having a lower dew point

compared to the l-rotor and Z2-rotor drying systems by between

6-8°C.

This extra capaclity wlth respect to dew point can be used,

—

not just for minimizing gquallity problems of the product-air

at the i1ntended location of use (4) but also, 1f the i1ntended

— pr—

location of use (4) 1s a production space for lithium
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15

batteries, provilide 1ncrease mitigation o:

1t can also be used

alr through the drving systems of

che productlion space

“he

for

2/

pr—

batteries.

for reducing the total

pr—

DK 2019 70157 A1

the 1nvention.

flow volume o0:

- explosion risks at

As discussed above,

pr——
—

Table 1: Comparative Results
System l-rotor 2—rotor 3—rotor
Alr flow 48,000 m3/h 48,000 m3/h 48,000 m3/h
Dew point of

-55 °C -57 °C -63 °C
product—-air
Enerqgy

113 kW 30 kW 37 kW
consumption
Amperes 1o0d A 110 A o4 A
Cost to 1nstall

100 109.6 112.5
(1ndex)
Cost after

270.5 288.1 318.0
vear (1ndex)
Cost after 2

341 .2 338.0 341 .3
vear (1ndex)
Cost after 3

411.8 388.0 364 .4
vear (1ndex)

CLOSING COMMENTS

The term "comprising" as used 1n the clalms does not exclude

other elements or steps.

The

term "am or

"t an "t

as used 1n the

claims does not exclude a plurality. Although the present

invention has

11llustration,

for

skilled 1n the art without departing

invention.

Chat purpose,

been described

1n detail

and variations can be made

INONS

pr——

purpose

“herein by

O

pr——
—

1t 1s understood that such detaill 1s solely
Chose

from the scope of the
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CLAIMS

1.

A 3-rotor drying system (30,40,50) for producing technical
alr having a very low dew polint comprising three rotary

desiccant drvers (2,21,22), each rotary desiccant dryer

(2,21,22) comprilising a drying sector (2a,2la,22a) and a

regeneration sector (2b,21b,22b), the rotary desilccant

drvers (2,21,22) arranged 1n sequence and sharing a common

regeneration—-alr flow path (9) for passing regeneratlon-
alr through the respective regeneration sectors

(2a,21b,22b) of the rotary desiccant drvers (2,21,22) and

a common 1ntake—-air flow path (06,7) for passing 1ntake-

alr through the respective drving sectors (2a,2la,22a) ot

the rotary desiccant drvers (2,21,22) for dehumidifving

che 1intake—-air to product—-air having a very low dew polnt;

- whereln a mixing point (1) for return-alr 1s arranged

on the common 1ntake-alr flow path (6,7) between a

first (2) and a second (21) rotary desiccant dryer,

thereby defining

- a product—-air flow path (/) for providiling

dehumidified product—-alr having a very low dew poilint

—

to a location of use (4) downstream from the mixing

poilnt (1) for return-alr, and where on the product-

alr flow path (7) the drying sector (Z2a) of the first

rotary desiccant dryer (2) 1s arranged, and

- an 1lntake—-air flow path (6) upstream from the mixing

polnt (1) for return-alr for providing 1ntake—-air to

the mixing point (1), and where on the intake-air

"low path (6) the drying sector (21la) of the second

rotary desilccant dryver (21) 1s arranged;

- wherein a splitting point (12) for 1ntake—-air 1s
arranged between the mixing point (1) for return-ailr
and the second rotary desiccant drver (21) on a first

section (ba) of the 1intake-air flow path (6), from
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which splitting polnt (12) 1ntake—-ailir 1s dilverged as

regeneration—-alr along the regeneration flow path (9);

- Wwhereln a purge sector (Z2c¢) and the regeneration sector

(2b) of the first rotary desiccant dryer (2) are

arranged on the regeneration flow path (9) such that

pr—  —
p—

the regeneration-alr via an alr ow path (9e) first

traverses the purge sector (2c¢) and subsequently the

regeneration sector (2b) via a heater (5) arranged on

the regeneration flow path (9) between (9b) the purge

sector (2c¢) and the regeneratilion sector (2b);

pr—

- wherein the regeneration sector (21b) of the second

(21) rotary desiccant dryer 1s arranged subsequent to

the regeneration sector (2) of the first dryer (2) on

the regeneration flow path (9), and

- where upstream on the 1ntake-air (o) flow path and

downstream on the regeneration flow path (9) from the
second rotary desilccant drver (21) 1s arranged an

lnitial rotary desiccant dryer (22), where on the

g —
p—

regeneration flow path (9) between (9d) the second (21)

and the 1nitial (22) rotary desiccant dryer 1s arranged

an 1nter-heater (53) for 1nter-heating regeneration-

alr prior to traversing the regeneration sector (22b)

pre——

of the 1nitial rotary desiccant dryer (22);

the 3-rotor drying system (30) further comprising a
return—-air flow path (8) for providiling return-alr from a
location of use (4) to the mixing point (1) for return

alr and one or more alr movling means.

A 3-rotor drving system (30) according to clailm 1 further

comprilisling a cooler (33) arranged on the 1ntake-air flow
path (6) between (6b) the second (21) and the 1nitial (22)

rotary desiccant drvers.
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A 3-rotor drving system (30

) according to either claim 1

or claim 2, further comprilising a splitting point (11) for

milxed—alr arranged between the mixing point (1) for

return—-alr and the first ro

p—

tary desiccant dryer (2) on a

first section (7a) of the product-air flow path (7)

upstream from the first rotary desiccant dryer (2), from

which splitting point (11) mixed-alir 1s diverged as

regeneration—-alr along the regeneration flow path (9) via

a mixed—-alir flow path (9a).

pr—

A 3-rotor drying system (40a) according to any of the

claims 1 to 3, further comprising an 1nter-heater (52)

the regeneration sector

for 1nter-heating regeneration-alr prilior to traversing

(21b) of the second rotary

deslccant dryer (21) arranged on the regeneration flow

path (9) between (9c¢) the

rotary desilccant drvers.

first (2) and the second (21)

pr—

. A 3-rotor drying system (40b) according to any of the

preceding clalms, further comprilising at least one filter

(41-43) arranged on the common 1ntake-air flow path (o,7)

for removing alrborne partil

. A 3-rotor drying system (

preceding c¢laims, further

cles from the intake—-air.

—

50) according to any of the

comprising a cooler (32)

arranged on the product-air flow path (7) prior to the

first rotary desiccant drver (2).

. A 3-rotor drying system (50a) according to any of the

precedling claims, further comprising an 1nter-heater (51)

arranged on the product-ailr

—

flow path (/) downstream (/D)

of the first rotary desiccant dryer (2).
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pr—

3. A 3-rotor drying system (50b) according to any of the

preceding c¢laims, further comprising a cooler (31)

arranged on the product-ailir flow path (7) downstream (7Db)

pre——

of the first rotary desiccant dryer (2).
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