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Serial No. 183,581

- ALIEN PROPERTY CUSTODIAN

AIR CONDITIONING

Edmund Altenkirch, Neuenhagen, near Berlin,
Germany; vested in the Alien Property Custo-

dian

Application flled January 6, 1938

This invention relates to an alr conditioning
apparatus and method of conditioning alr having
many hovel features not heretofore known.

By means of the air conditioning apparatus dis-
closed In the acecompanying specification, I am
enabled to perform several steps In the condl-
tioning of air and other gases in an especially
simple and expedious manner wherein the cost of
the energy required fs maintained at a minimum,
In general, the invention involves the use in a
novel manner of two serles of chambers contain-
Ing air conditioning bodies in which one serles of
chambers serves to condition air while the con-
ditioning bodles of the other series is being re-
conditioned to supplant the first serles after the
effectiveness thereof In conditioning the alr has
been reduced.

Heretofore, it has been the practice to employ
this general method of condlitioning air, but the
apparatuses have heen very large, heavy and in-
eficlent. More particularly, it has been neces-
sary to elther actually exchange the positions of
the bodies newly activated and those to be ac-
tivated, or to exchange the stream of air being
conditioned with that used to reactivate the bod-
ies of material. The former type of apparatus
necessitates a complex construction and a large
source of power for bodily moving the greater
part or all of the apparatus periodically. The
latter type avoids thie very considersble disad-
vantage but exhibits other disadvantages which
are common to both types. For example, in both
types of conditioner, the condition of the air de-
livered by the apparatus varies constantly due to
the fact the condltion of the material over which
the air flows Is continually changing from one
of maximum eflfectiveness to one of minimum
effectiveness. Thig follows from the fact that the
actlve and {nactlve bodles of material are inter-
changed periodically as a group.

According to this invention, I propose to ar-
range the conditioning material In a plurality of
chambers connected to operate consecutively in
two banks. Moreover, the two banks are so ar-
ranged and controlled that there are always bod-
les of conditioning material in each one thereof
of varying degrees of effectiveness. Thus, In
one hank, there are bodies of material of vary-
ing degrees of effectiveness in conditioning air.
Iikewise, there are bodies of material in the cther
bank in varying sitages of reactivation.

Ancther disadvantage of prior art devices of
the genernl ¢lass in which the present invention
may be grouped is that i1 some constructions part

of the alr being conditioned passes over newly -
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reconditioned material while another part passes
only over material which 1s practically ineffective
in conditioning the ajr. Obvilously, the resultant
stream of air is only partially conditioned.

According to this invention however, the air
or gas being conditioned is passed over all bodies
of material capable of conditioning the alr in any
degree. Hence, the resultant stream of gas de-
livered by my apparatus ls conditioned to the
maximum degree possibly limited only by the
effectiveness of the material within the condition-
ing bank. And, of course, all portlons of the
stream are uniformly conditioned.

A still further undesirable characteristic of
prior constructions is that the conditioning bodles
are so arranged that it i{s necegsary to employ
large fans operating under high pressures in order
to clrculate the gir over and through the con-
ditioning material. According to my invention,
the conditioning material 15 arranged in an es-
pecially novel and advantageols manner whereby
a very large surface area of the material i3 ex-
posed to the alr stream in a minimum of space and
in such a way that the pressure gradient through
the material is only a fraction of that common
to known constructions.

Another feature of my invention is that the
same housing and valve mechanism can be uti-
lized either as a regenerative heater, or as & gas
separator or dryer depending upon the type of
conditioning material with which the gas treat-
ing chambers are charged. Thus, if the chambers
are charged with material having & high heat
capacity, the apparatus may be employed as &
regenerative heater as 13 advantageously done
where hot gases are available which can not be
used directly to heat a space or some object.
Iikewise, if the treating chambers are charged
with absorbent material, then the apparatus may
be used to separate gases provided one of the gases
is not absorbable by that particular material.

And of course one of the particularly advan-
tageous appllcations of the inventfon is in alr
conditioning a room or other enclosure by the
conjoeint use of one of the apparatuses charged
to act as o regenerative heater and another of
the apparatuses charged to act as an abscrber
or dryer., In this event it 1s possible to condition
an enclosure without the expenditure of energy
other than that necessary to operate the valve
mechanism. However, 1f the relative humidity
of the alr to be conditioned is greater than fifty
per cent it i1s desirable to supply some energy
in the form of heat in order that the epparatus
may operate with the greatest efficiency as will
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appear more closely from the detailed descrip-
tion of the invention.

It is accordingly an object of this invention
to provide an air conditioner which is chargeable
to act as a gas separator or g regenerative heater.
Another object of the Invention is the use of both
a regenerative heater and a gas separator along
with certain auxiliary devices connected in such
a way as to condltion alr in a very efficient and
inexpensive manner, It is likewise an object of
the invention to provide connections and control
means between the varlous parts of the apparatus
and the suxiliary devices whereby only so many
of the latter may be employed as is necessary to
obtaln the desired degree of alr conditioning with
& minlmum expenditure of materials and energy.

It is also an object of the invention to provide
an alr conditloner wherein the only moving parts
are the valve mechanisms and the actuating
means therefor.

Another object of the invention is the provision
of an sir conditioner apparatus operating con-
tinuously. More particularly, it is an object of
the invention to provide an apparatus which
supplies a continuous stream of alr uniformly
conditioned.

A further object of the invention is to con-
struct and position the conditloning material
within the apparatus in such a way as to expose
a maximuom surface area of the material to the
gases with & minimum pressure drop between
the air Inlet and the air outlet.

Another object is to provide a novel arrange-
ment of multiple valves and actuating mecha-
nism therefor so constructed as to actuate all
of the valves In a predetermined, time relation-
ship. .

St11 other objects of the invention will become
apparent from the foliowing detailed description
of a preferred manner of practicing the invention
as 1lustrated in the accompanying drawings
wherein:

Figure 1 is a horizontal sectional view on the
line 1—1i of Figure 2 showing one of the condi-
tloner wnits according to this invention;

Flgure 2 1s a vertical sectional view along line
2—2 of Figure 1;

Figure 3 is a vertical sectional view along line
3—3% of Fig. 1 showing one of the valve operating
assemblies in one operative position;

Plgure 4 i1s a view of one of the valve assem-
blies with the valves in & second operative posi-
tion;

Megure 5 is a view of one of the valve assem-
blies In & third operatlve position;

Flgure 6 1s 8 fregmentary view in perspective
of one of the valve operating shafts and asso-
clated cams;

Figure T 18 a perspective view of one of the
condltioner units showing how the apparatus has
been unfelded for purposes of illustration in Fies.
8 and 9,

Mgure 8 is & developed view of one of the unlts
unfolded in the manner indicated in Figure 7,
and showing the positlons of the various valves
and the gas circolts under one set of operating
conditions;

Figure ¢ Is a view simllar to Figure 8 but show-
ing the positions of the valves and the gas cir-
eults under the next operative set of conditions
after that shown In Flgure 8;

Plgure 10 is s perspective view of one way of
arranging the conditioning material of high heat
capactty for use in the regenerative heater;

Figure 11 is a fragmentary perspectilve view

L]

10

60

70

5

183,581

of one manner of arranging the absorbent ma-
terial in the apparatus;

Figure 12 is a fragmentary view of an alterna-
tive method of arranging loose absorbent mate-
rial in the apparatus;

Flgure 13 is a fragmentary view of a third way
of arranging absorbent material, such as crepe
paper, in the apparatus.

Figure 14 is a diagrammatic view showing
how a gas separator and a regenerative heater
may be connected to an enclosure to condition
the same when the relatlve humidity of the air
to be conditioned is not too high;

Figure 15 is a view similar to Fig. 14 but show-
ing how the various valves may be positioned for
most efficient operation when the humidity is
relatively high.

A preferred form of the invention is shown in
Figures 1 and 2 as encased in an octagonal prism
housing 20 having an outer heat insulating wall
21 and an inner heat insulating wall 22, As will
be seen in Figure 2, rings 23 and 24 of heat in-
sulating material serve to close the top and bot-
tom ends of walls 21 and 22 and cooperate there-
with to form an annular air conditioning cham-~
ber.

Within the annular shaped sair treating cham-
ber are located eight individual conditioning
chambers A, B, C, D, E, F, G and H which are
circumferentially spaced from one ancther by
air passages. Each of the air conditioning cham-
bers or cells is similar in construction and man-
ner of operation, and consequently detailed de-
scription of one of these chambers will sufice
for all.

Referring to chamber A, for example, It will
be seen that this chamber conslsts of an outer
wall 25, an inner wall 26, and {wo diverging side
walls 27 and 28. Any desired conditioning mate-
rial such as nested corrugated sheets 28 may be
arranged to extend hetween the side walls 27 and
28, and is spaced from the inner and outer walls
26 and 25 as indicated In Figure 1. The par-
ticular manner in which this material is arranged
in each of the chambers will be described In
detail hereinafter.

As will be observed from Figure 1, the condi-
tioning material 29 ls spaced from both the outer
wall 25 and the inner wall 26 to provide air
entrance and exit passageways 30 and 31. There
are & plurality of air passageways which may be
placed in communication with passageways 30
and 2|. Por instance, each of these passages
can be connected with each of the radially ex-
tending air passages vn either side of section A

of the apparatus, the one belng formed in the

part by wall 27 being designated 32 and the one
adiacent wall 28 being desienated 33.

Communication between passages 30 and 31
and radial passages 32 and 33 is controlled by
four valves Al, A2, A3, and Al interconnected In
a manner to be described to open and close in
a ccrtain order. Valves Al and A2 are located
on wall 27, while valves A3 and Ad are located
on wall 28. At this polnt it may be stated that
these valves are so operated that air entering
a conditioning section from one of the radial
passages must pass through conditioning mate~
rial 29 before it can reach the other radial pas-
sage. Moreover, air entering a section from one
radial passage cannot flow back into the other
end of the same radial passage but must flow
into the radial passage on the opposite side of
the section.

As will be seen from Figure 2, there is also
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an annular passageway in each corner of the
annular chamber formed by the insulating walls
21, 22, 23 and 24. These passageways have been
designated 34, 35, 36 and 37 for reference pur-
poses and extend completely around the appa-
ratus. Each of the annular passageways has a
conduit 84°, 35", 36’ and 37’, respectively, lead-
ing to the exterior of the apparatus. As in the
case of the radially extending passages, each of
the annular passages is in communication op-
tlonally with each of the air conditioning cham-
bers. Thus, passageway 34 communicates with
the outer air passageway 30 within conditioning
chamber A by means of valve AS. Also passage-
way 3§ Is in communication with inner passage-
way 31 through valve A3. Directly beneath valve
AS is another valve Al controlllng the com-

munication between passageways 3T and 31.°

Likewise, there is a valve A8 between Dassage-
ways 36 and 36, It will also be understood that
air may be lead into or withdrawn from elther
passageway 30 or 31 of each conditioning cham-
ber through any one of the passageways 34, 35,
38, and 31, since each sectlon of the apparatus
is similar to sectlon A in all respects.

From the foregoing it will be evident that two
streams of air may be passed through the con-
ditioning chambers at different times in any one
of four directions. Thus, air may How from
radial passageway 32 through vaive Al into pas-
sage 30, through material 28 Into passageway
31, and past valve A4 into radial passage 33. On
the other hand, air may flow from passageway
33 through valve A3 Into passageway 30, then

through material 29 into passageway 31, and Into .

chamber 32 through valve A2, ILikewlse, an en-
tirely different stream of air may be passed
through the conditloning chamber in elther di-
rection. For example, the air might flow from
passageway 34 through valve AS into passage
38 and through the material 29 into passage 31
and through valve Al into passageway 31. In
otder to pass alr In the opposite direction, it
would flow from passageway 3% through valve
A8 into passage 3(, through material 29 into
passage 30 and then through valve A8 Into pas-
sage 38. In other words, gases may pass diag-
onally through each of the treating chambers A,
B, C.,D E F, Gor H from the four opposite
corners in both the horizontal and the vertical
planes.

It will also be understood that the air might be
caused to flow through the conditloning cham-
bers in other manners according to the setting
of the varlous valves.

In order to accomplish the purposes of this
invention, it 1s important that the various valves
controlling communication between each of the
conditioning chambers and the air passageways
communicating therewith be conirolled in & very
defilnite manner. The mechanisms which are
proposed to accomplish this will now be described.

It will be understood of course that each of
the chambers A, B, C, D, E, F, G, and H are
identical In construction. Moreover, each of the
chambers is provided with identleal valve con-
trol mechanisms. As will be apparent from Fig-
ure 1, this valve mechanism is largely located in
the radially extending passageways between the
conditioning ehambers. All valves are operated
by shafts extending radially from the center of
the apparatus. Located at the axis of the ap-
paratus is & power shaft 40 driven by means of a
motor 41 through speed reducing gears 42. Se-
cured to this shaft is a bevel gear 43 positioned
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to drive each one of the elght shafts extending
radially to the valve mechanisms. Thus, shaft
44 extends to the valve mechanism located be-
tween sections A and B. Valves A3, Ad, Bl, B2,
A1, A8, BS and B8 are all operated from shaft
44, The manner in which A3, Bi, A8 and B are
operated will now be described in detail.

Referring to Figures 3 to 6 wherein valves A3,
A8, Bi and BS are shown as they appear from
a view taken on line 3—3 of Pigure 1, it wlil be
seen that each of the valves consists of a flat
plate adapted, when closed, to lie flat against
a wall separating the radial alr passages from
the conditioning material. For example, A3 Is
supported by partition 28 and 18 spring pressed by
means of springs 45 and 48 against this partition
to close the opening 47T therethrough. Valves A3
and Bi move in a plane parallel to the support-
ing partitions when opening and closing. Valves
A8 and BS5 may open in the same manner as
valves A3 and Bi.

Valves A3 and Bl are actuated by a cam 48
rigidly mounted on shaft 44, This operation is
accomplished when the high portion of the cam
strikes pins §1 and 62 secured to link members
50 and 49, respectively. Thus, as will be seen
from Figure 3, the high portion of cam 48 {s posi-
tioned beneath pin §{ on link 58 so as to move
valve Bl to open position ageinst the action of
springs 45 and 46. In Pigure 4 it will be seen that
cam #8 has revolved 180 degrees to contact pin
52 on link 49 and thus move valve A3 to open
position. Meanwhile, and before A3 opened, the
springs on valve Bl have urged It to closed posi-
tion. As will be observed from the drawings, the
high surface of the cam 48 is appromixately 90
degrees In arcuate extent. Hence, each of the
valves is open for one-quarter revolution of
shaft 44.

The mechanism for operating valves A8 and
BS is similar to that just described in connectlon
with valves A3 and Bl. These valves are operated
by means of a second cam $3 attached to shaft
44 and positioned to contact a pin 54 on a8 mo-
tion transmitting member 6% extending vertically
In air passageway 33. The upper end of member
55 is connected through a linkage 58 to valve BS,
while the lower end is connected through a simi-
lar linkage 57 to valve A8. When the high por-
tion of cam 353 contacts pin 54, arm B6 is car-
ried upwardly to move linkage 58 ahout pivot
58 in such a manner as to open valve BS. At
the same time valve A8 Is also opened in a similar
manner. At this point, attention is called to
the fact that valves A8 and B5 are always op-
erated simultaneously to either closed or opened
position. On the other hand, valves A3 and BJ
are never gperated simultaneously, and one al-
ways remains closed. Attention ls further called
to the fact that the high portlon of cam 53 is
much shorter in arcuate extent than the high
portion of cam 48. Also note that valves A8 and
B6 are only open when valves A3 and Bl are
closed (see Filgure 5).

Valves A4, B2, AT and B6 are operated by a
mechanism identical with that just described.
However, the cams for operating these valves cor-
responding to cams 48 and %3, are positioned to
operate the valves in a different timed sequence
than that just described in copneetion with valves
A3, Bi, B8 and AS.

A preferred manner of operating the numerous
valves of my apparatus In timed sequence will
now be described. In order to permit of a clear
understanding of the valves and the order in
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which the same operate, the apparatus of Figures
1 and 2 has been illustrated in amn exploded de-
velopment vilew in Figures 7, 8 and 9. Figure 7
Indicates the manner in which the apparatus has
been unfoldcd to bring all valves Into a single
plane. Thus, it will be noted that the side walls,
top and bottom of the apparatus has been un-
rolled, Then the top portlon of the apparatus
has been folded upwardly, and the bottom has
been folded downwardly. Figure 9 is identical
with Pgure 8 except that a second position of
the valves and the resulting modified gas cir-
cuits are there indicated. Note that the shaded
rectangles indicate open valves, while the un-
shaded rcctangles indicate closed valves,

Assuming that it is dcsired to condition a body
of air by removing exccss moisture therefrom,
the apparatus which has just been described may
be cperated in the following manner. Moist alr,
as from the atmosphere, is conducted into the
annular passageway 34 through the inlet 34°.
This air streain passes along passageway 34 until
it comes to open valve AB in the first drying
section A. (At this time attention is called to
the fact that no more than one valve is ever open
in any one of the annular passages 34, 35, 36 and
31). This moist air then passes through the ab-
sorbent material in section A Into passageway
31. Thte only exit from this chamber is provided
through open valve Ad, since valves Al, A2 and
A3, as well as valves A6, AT and A8 are closed
as shown in Figure 8. The partially dried air
which ficws out through valve Ad is led into the
next conditioning chamber B through the open
valve Bl. The air is again led through the con-
ditioning material in this chamber and exits
therefrom through valve B4 in a still dryer con-
diticn, In like manner, the air to be conditioned
passes through chambers C and D. However,
in chamber D it will be noted that all valves ex-
cept DI and D6 are in closed position. Valve D&
is located in the annular passageway 38 in the
top of the apparatus. Hence, the air, which by
this time has heen fully dried, passes along pas-
sageway 35 to exit conduit 35°.

It will be noted that the air to be conditioned
has only passed through four of the eight air con-
ditioning chambers. The other four chambers
will have been saturated with moisture from pre-
vious use in conditioning air, and will be in need
of reactivation. To this end, warm air from anhy
convenient -source is led into passageway 37T
through opening 37’, and passes therealong until
it reaches the open valve ET in section E. The
conditioning material in this section will be sub-
stantially saturated with water vapor. The hot
air passing through this material and out through
the only open valve E8 into the air passageway
between sectlons E and F and drlves off a part of
the moisture. This hot air contalning some mois-
ture from the material in se¢tion E then passes
through each of the sections F, G and H in the
manner indicated by the arrows in Pigure 8.
Upon reaching section H, the alr passesg through
the material in this chamber, and since all valves
except the valve H8 are in closed position, the
air passes into passageway 3% and therealong un-
til it reaches putlet conduit 36°. -

It will therefore be seen that while four of the
conditioning chambers are bheing employed to
dry air, the remaining four chambers are being
reactivated by hot gases for subseguent use in
conditioning air. In order that the air may he
conditioned Iin a continuous manner, it is of
course desirable to introduce perfodically a dry
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hody of absorbent material in the alr drying cycle,
and to remove saturated absorbent material tothe
reactivating cycle, This operation is automatl-
cally accomplished without actually transferring
the absorbent materlal, as has been customary
heretofore, simply by operating the varfous valves
degeribed herelnabove. At the end of a prede-
termined period of time, as dictated by experi-
ence, the cams 48 and 33 on the elght motor-
driven shafts simllar to shaft 44 are brought into
positlon to change the condition of certain of the
valves. This operation is indlecated In Figure 9.
Referring to this figure, it will be seen that the
molst air entering the apparatus no longer enters
section A, because valve AS Is now in closed posi-
tlon. The only valve in passageway 84 which is
open is valve BS in section B. Consequently, the

" moist alr now flows through sections B, C, D and
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E. As will be scen from Figure 8, section E was
previously in the activation cycle, but has now
been placed In the drying cycle by rcason of the
operation of the valves. After the air has passed
through section E, it passes Into passageway 386
through open valve E§ and is conducted from the
apparatus to the space to be conditioned, Like-
wise, the hot alr employed to reconditlon the ab-
sorbent materlal first passes into sectlon F, and
from there to sections G and . From this point
the air next passes through section A which has
just been saturated with meisture in the drying
cycle. From this point the air, which is now sub-
stantially saturated with molsture and is there-
fore no longer effective In reactivating ahsorbent
material, passes into passageway 36 and out into
the atmosphere.

The apparatus continues to operate in this
same manner, and it will be appreciated that the
air to be conditloned is always led through four
chambers, and that hot air is always helng passed
through the remalning four chambers to reacti-
vate the material thereln. It will also be ob-
served that a freshly conditioned drylng section
is always perlodically added to the end of the
stream of air being conditioned, and also that the
wettest and least effectlve of the drying cham-
bers is periodically added to the end of the re-
activating alr stream to be reconditioned. Due
to this fact, the air being dried always passes
through freshly dried abscrbent material im-
medlately before passing from the apparatus and
ig therefore dried to a mlnimum degree. By the
same token, a body of saturated absorbent ma-
terial is added to the react!vating cycle at the en-
trance end thereof where the hot air is the warm-
est and driest and remains in the reactivating air
stream for a maximum perlod of time,

It is of course obvious that the apparatus can
be used to condition alr in other ways than that
of drying it. If it is desired to heat a body of air
by means of hot gases which are unsuitable for
use in the space to be heated, this same apparatus
may be utilized simply by replacing the absorbent
material by some material having high heat ca-
pacity. For example, aluminum foil may be sub-
stltuted for the absorbent material in the condi-
tioning chambers of the apparatus. In thig
event, the air to be conditioned is passed through
four sectlons of the apparatus in the same man-
ner as the moist air in the above described drying
opberation. At the same time a stream of hot air
or other hot gases is passed through the remain-
ing four sections of the apparatus in the manner
just described in connection with the reactivating
alr stream. Under these circumstances, the ap-
paratus functions according to the well known
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regenerative principle of heating a cold stream
of fluld Indirectly from a hot stream of fAuld.
Referring to Plgure 8 (assuming that the condi-
tioning chambers are now filled with material of
high heat capacity) it will be seen that the hot
alr passes through sections E, ¥, G and H and
thereby heats the aluminum foil to a high tem-
perature. After the material in these chambers
has been heated for a period of time, the valves
are operated to the position gshown in Figure 8.
Cold air to be conditioned by heating is now
passed through sections B, C, D and E. The air
will be partially heated by passing through sec-
tion E, but after the apparatus has been in oper-
ation for a perlod of time, all of the four sections
through which the air to be heated passes wlll
have been previously heated by the hot gas stream
and will be In condition to heat the cold air
stream. Not only s the air conditioned by heat-
ing during this operation, but the relative hu-
midity of the air is also reduced by reason of the
heatlng so that the resultant alr stream is much
warmer and drier than the original cold and molist
air stream.

In order that an air conditioning device of the
type herein disclosed be compact, efficient in
operation, and offer a minimum resistance to the
passage of gases therethrough, it is essential that
the material selected for the conditioning cham-

bers have certain characteristics and that it be .

specially arranged in the apparatus. Not only
should the material be so arranged as to offer
a minimum resistance to the flow of air through
the device, but it should also be so0 arranged as
to present a maximum surface area to the air
stream. If the material is intended to remove
moisture from the air, then it is important to
select 8 material which has the property of ab-
sorbing and liberating moisture with very slight
changes in temperature. If the conditioning
material 1s intended for use in the regenerative
heater, then it is important that the material
have a very great heat capacity and good heat
conductivity so that the material may absorb a
large amount of heat quickly from the air stream
and give up the stored heat guickly to a stream
of air to be heated. As will appear more fully
hereinbelow, I have designed an air conditioning
device incorporating all of the foregoing desir-
able characteristics along with many others
which will become apparent from the following
detailed description.

I have found that ordinary wood, paper, and
other cellulose products are especlally efficlent
materials for use in an air conditioning device.
It will of course be understood that this inven-
tion is not limited to the use of wood and paper
as absorbent madterials, but that these materials
are employed In the preferred form of the in-
vention due to the ease with which these mate-
rials may be placed in the conditioning cham-
bers, the rapidity with which these materials
absorb and liberate molsture, the slight tempera-
ture difference required to cause the material to
act either as an absorbent body or as s molsture
liberating body, as well as the cheapness and
availability of these materials. If wood or paper
of sufficlent thickness to have some rigidity is
employed, T have found that sheets thereof may
be arranged entirely across the conditioning
chambers in the direct path of the air stream
without unduly hindering the flow of the alr
through the chamber. In other words, the ma-
terial has been found to be sufficlently porous
to permit the air to filter therethrough in spite
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of the absence of any preformed perforations in
the sheets. However, if desired, the sheets of
wood or paper may be perforated to permit a
greater quantity of air to pass, although I have
found that this is guite unnecessary.

In order to decrease the resistance to the air
flow further and to present a greater surface
area of the conditioning material to the air
stream, I find it advantageous to arrange the
sheets of material in zigzag fashion across the
air stream. This arrangement not only increases
the surface area of the material several times In
a given cross sectional ares of air duct, but also
increases the number of pores through which
the air may filter several fold. As is indicated
in Figure 1, any deslred number of sheets of
absorbent material may be nested together in
slightly spaced relationship across each of the
conditioning chambers, but it is desirable and
quite feasible in my apparatus to place only a
small number of sheets in each chamber and
recycle the apparatus oftener. Any convenient
way of supporting the sheets of absorbent mate-
rial in the chambers may be employed, as for
example, wire rods located in the constricted
portions or apices of the corrugations. It will
be noted from section A of Figure 1 for example,
that all of the air entering passageway 30, for
instance, must flow through each of the sheets
of absorbent material 29 In order to reach pas-
sageway 31. Due to the tremendous surface area
of the absorbent material presented to the air
stream, it is only necessary that the alr fllter
slowly through a given section of the material
in order that a stream of conslderable volume
reach passageway 31. Moreover, all of the air
must come in contact with absorbent material,
and as a result the moist air is quickly stripped
of its molsture,

In order to still further increase the surface
area of the sheets of absorbent material, the
sheet may be preformed as shown in Figure 11.
In addition to the large corrugation 60 corre-
sponding to the corrugations in the sheets of
Figure 1, the side walls of the large corrugation
60 are also corrugated with small indentations
61. Both the large corrugation 60 and the small
corrugation &1 are v-shaped. Therefore, regard-
less of whether the alr flows in the direction in-
dicated by the arrows of Figure 11, or in the
reverse direction, the alr stream entering either
the large corrugation 60 or the small corrugation
6f enters at a point of maximum cross sectional
area. As the alr stream proceeds into the cor-
rugation, the cross sectional area gradually de-
creases in accordance with the diminishing
quantity of air which has not yet filtered through
the sheet.

If 1t is desired to employ the conditioner as a
heat regenerator, I have found that a most ad-
vantageous way of arranging the material of
high heat capacity 1s in the manner indicated
in Figure 10. A particularly desirable material
to use for this purpose is aluminum foil. This
material is relatively inexpensive and easily
worked Into any desired form. Moreover, it is
not affected by moisture or other materials ordi-
harily present In alr to be conditioned, or in the
hot gases avallable as a source of heat. It also
has a very high heat capacity and excellent heat
conductivity,

In order to present as large a surface area of
this material as possible to the gas stream in 8
minimum of space, and without providing too

much resistance to the flow of the gases, the foil
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may be cut In relatively narrow strips 62 and
corrugated at an angle to a longitudinal side of
the strip in the manner indicated in Figure 10,
The corrugated strips are then laid one on top
of the other with the corrugations of adjacent
strips running at an angle to one another as
clearly shown in the drawings. This arrange-
ment results in the spacing of the strips without
the use of separate spacers and prevents the
nesting of the strips. This mode of assembly is
continued to provide units of convenlent height,
and then the units are lnserted crosswise of the
conditioning chambers—that is, in & direction
transversely of the alr stream flowing hetween
passages 30 and 3f, for instance. A number of
such units may be located across the conditioner
chamber parsallel to one another as in the case
of the sheet ahsorbent material, If desired, or
the strips of foll may be originally cut sufficiently
wide to extend from the inner to the outer air
passages 80 and 3] of the conditioning cham-
bers, As is true of the absorbent material, the
alr stream passing through the treating cham-
ber does not fiow rapidly, but gradually filters
from the inlet passage to the outlet passage in
contact with the material of high heat capacity.
If the alr stream #s highly heated, then the foil
will also become heated in a very short period
of time. After the hot alr has passed over the
foit for a sufficlent period to heat the materlal to
substantially the temperature of the hot gas
stream, the hot alr stream is directed to another
treating chamber to heat that, and a stream of
air to be heated is passed In the opposite direc-
tion over the aluminum foll and qulckly becomes
heated from the foll.

8till ancother method of arranging the ab-
sorbent material In the apparatus is illustrated
in PFigure 12. According to this arrangement,
loose absorbent material, such as fuller’s earth or
sitica gel 63, may be supported in a thin layer
between two sheets 64 of wire mesh, fabric or
other sultable materia]l. The resulting laminated
sheet may be corrugated in the manner herein-
above described in connection with Flgures 1
and 11. As was the case with these arrange-
ments, it 1s desirable to provide supports such
as rods 65 In the troughs of at least certain of
thre corrugations in order to support the sheets
in a vertical and rigid position, However, use
of the rods 65 may be dispensed with in certain
cases as where wire mesh 64 i3 employed pro-
vided the two opposing layers of mesh are se-
cured together at Intervals by suitable tles not
showm.

Still another manner in which the condition-
ing chambers may be charged with absorbent ma-
terial is 1llustrated in Figure 13. According to
this form of the invention, the units of absorbent
material are formed from layers of crepe paper
cut In s zigzag manner as shown. The indi-
vidual strips of crepe paper are then placed di-
rectly on top of one another until a unit of con-
venient size 1s obtained. ¥t Is impeortant, of
course, that the grain or crepe of the paper extend
crosswise of the strips in the manner indicated
in the drawlngs. The crepe paper units are
placed crosswise of the conditioning chambers
in the same manner as sheet 29 In Figure 1, and
as many units may be placed parallel to one
another as is found desirable, The Individual
units should not extend too far vertically with-
out some means of supporting the units as other-
wise the weight of the paper will cause the lower
layers to beeome packed too tightly to permit the
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alr to filter therethrough readily. So long as
the individual sheets do not become packed to-
gether too tightly, the air will filter through the
units in a very satisfactory manner. If molst
alr is being passed therethrough, the moisture
will be absorbed by the crepe paper provided the
temperature of the air is low enough for absorp-
tion to take place. However, if the temperature
of the air is raised slightly, then the moisture
contained in the crepe paper will be Lberated into
the air, and the paper will become reactivated.

Referring now to Figures 14 and 15 which are
diagrammadtic representations of the manner In
which one ahsorber and one regenerator of the
type described hereinabove may be intercon-
nected with an enclosure to be conditioned and
with certain auxillary devices to condltion air
in a continuous and highly efficient manner. By
reason of the use of the regenerative heater In
connection with my absorber, it 1s entirely prac-
tical to condifion & room with little or no ex-
penditure of energy other than the small amount
required to operate the valve mechanisms of the
two conditioners, and the small amount of aux-
fliary energy desirable under certaln conditions
to supplement and assist the functioning of the
absorber and regenerative heater. If the rela-
tive humidity of the alr to be conditioned fis
below forty or fifty per cent, it is unnecessary to
use any of the auxiliary devices with the pos-
sible exception of a simple means for passing a
part of the air through a water spray or other
molstening device to cool the air by evaporative
cooling. Under these circumstances the absorber
and regenerative heater may be connected to a
space to be conditioned and to the outside at-
mosphere in the manner Hlustrated In Figure 14.

It will be understood that the absorber and
regenerative heater are identical in construction
except that the conditioning chambers of the ab-
sorber are charged with absorbent material, and
the regenersator is chrarged with material of high
heat capacity. Both units are constructed as de-
seribed hereinabove, It is therefore thought suf-
ficlent if the discusslon of Figures 14 and 15 is
restricted to a description of the manner in
which the apparatus illustrated operates to con-
dition alr when the relative humidity Is below a
predetermined value, and also when the relative
humidity is above this same value.

Referring first to Plgure 14, it will be seen
that alr to be conditioned, as from the room 70,
may be led through conduwtt T1 o regenerator 12,
Approximately one-guarter of the air delivered
from the regenerator Is then by-passed through a
sultable molstening device 13, where it is cooled
by the evaporation of water thereinto. In view
of this fact, it may be desirable to add make-up
air to the main air stream to prevent influx of
unconditioned air to the room. This may be ac-
complished by adding the required amount of air
by means of the adustable valved inlet 71’ lead-
ing into condult TI. Consequently the main room
alr stream plus the make-up air is conditioned
as it passes through the regenerator. As previ-
ously stated, a certain portion of the air stream
discharged from the regenerator 1s diverted
through the moistening and cooling deviee 13, of
any suitable construction, by means ol the divid-
ing partition 74 and valve 18§ located in conduit
16. The remaining portion of the air discharged
from the regenerator is led through condult 18
into the ahsorber 11 wherein the moisture con-
talned in the air 1s absorbed or separated from
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the air by the absorbent material. The resuliing
cool, dry alr Is then led back to the room through
conduit 78. The body of air passing through the
regenerator between condults Tl and 76 is cooled
by means of the portlon of the air cooled In
cooler 13, since this alr is led through condult
18 to the regenerator. Aflter giving up its heat
to the maln air stream In the regenerator, this
air is discharged to the atmosphere through con-
dulit 80.

The absorber is reconditioned by means of
the warm air derived from elther room T0 or the
atmosphere, or from both sources. The air from
the room is led to the gbsorber through conduit
8i, and alr from the atmosphere is mixed with
this air through conduit 82. The relative pro-
portions of room and atmosrheric air may be
regulated at will by means of the valve at the
junction of conduits 81 and 82. This alr passes
through the absorber In the manner indicated
by the dotted Hne, and passes back to the atmos-
phere through conduit 83.

It 1s of course necessary to provide some means
of circulating the varlous air streams just de-
scribed through the apparatus and to the space
being conditioned. As shown in Flgure 14, three
fans may be utllized and disposed as indicated,
although it will be understood that other ar-
rangements may bhe employed and the fans may
he disposed in other locatlons to satlsfy the
requisites of a given situation. As shown, a fan
18’ is locatad In conduit 716 between the regen-
erator and diversion valve 15, Fan 16’ is pref-
erably driven by a reversible motor, not shown,
and is so designed as to cause alr flow in either
direction in condult 16. Also inserted in the
same air stream is a second similar fan 78’ which
1s intended to assist and supplement fan 16’ In
circulating air from room T0 through the regen-
erator and absorber, and back to the room. If
desired, another reversible fan may be located In
conduit T9 or 80 to assist fan T6’ in circulating
the smaller gir stream through ccoler 13 and the
regenerator. A third fan 83’ which need not be
of the reversible type, 1s shown in conduit 83 for
circulating reactivating alr through the absorber
and discharging the same to the atmosphere.

From the foregolng description, 1t will be seen
that the air leaves the room at a temperature of
T, which is too high for human comfort. After
the alr has passed through the regenerator it will
have been cooled to a temperature Tz, which is
much lower than T:. This coocled air is then led
to the absorber where it 15 dried, and consequent-
1y warmed somewhat by the heat of absorption.
Therefore, the temperature T: of the alr be-
ing returned to the room through conduit 18 is
intermediate T: and Tz. Moreover, In addition
to the fact that the temperature has been re-
duced, it will also be appreciated that the air is
much drler then it was upon leaving the room.
Therefore, by reason of the operation of the ap-
paratus, the temperature, relatlve humidity, and
absolute humidity of the air have been modifled
without the expenditure of any energy other
than that contalned in the atmospheric alr and
that expended to operate the control valves of
the apparatus. Moregver, this gperation may be
carried out continuously without any attention
whatsoever and in a very efficient manner,

If the relative humidity of the air in the space
to be conditioned, or from any other source, has
a relative humidity above abproximately forty
or fifty percent, it may become desirable to sup-
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obtain the most effective and efficient results.
This may be done by the same apparatus jllus-
trated in Flgure 14 provided certain valves in the
interconnecting conduits are modifled to change
the circulation of the various alr streams so as
to include an auxillary source of heat, Figure 15
accordingly shows the same apparatus as Figure
14, but with the valves in the new position. Fans
18’ and 18’ are now reversed by a suitable means,
while fan 83’ continues to operate in the same di-

-rection, and new alr circuits are established as

indicated by the dotted lines in Figure 15. The

-alr flows In the direction Indicatéed by the ar-

rows. By réason of the operatlon of the fans, it
will be observed that moist air from either room
10 or the atmosphere may be conveyed directly
to the absorber TT through conduits 81 and 82.
This air stream passes through the absorber
where it is drled and warmed somewhat by the
heat of absorption. Valve 84 in conduit 83 is
now positioned to direct the warm, dry alr
through conduit 85 into conduit 18. Valve 86
which was previously adjusted to & vertical posi-
tion in Figure 14 is now in a horizontal position
and directs the warm dry air stream downwardly
through conduit T8, past valve 15, which is now
closed, into the regenerator. As a result, the
warm dry alr stream is cooled and led from the
regenerator by conduit 11 into an air moistening
device 88, in the event additional cooling is de-
sired. It will be understood that moistener 88
may be of any desirable type in which cooling is
obtalned by the evaporation of a liquid, such as
water. The alr in conduit Tl is diverted through
moistener 88 by means of valve 88, and, after
being further cooled and moistened somewhat, is
conveyed through conduit 80 back to rcom T0in a
cooled, moderately molst condition.

In order to obtain cooling of the conditioned air
stream In the regenerator, cool atmospheric air
may be led Into the regenerator through conduit
91 wherein this air stream will be heated some-
what by the heat stored in the aluminum foll
through which the condltloned alr stream has
Just passed. This warm aitmospheric air siream
may then be further heated if desired 1n the ar-
tificial heater 92, after which 1t Is led through
condult 93 to the absorber 7T for the purpose of
reactivating the previously saturated absorbent
material therein. The hot air stream 1s caused
to flow Into the absorber by reason of the new
position of valve 94 in conduit 93. After passing
through the absorber, the warm alr carrying the
moisture liberated from the absorbent material
1s discharged back to the atmosphere through
conduit 85.

The supplemental heat added to the air in con-
duit 79 and heater 92 may be derived from any
cohvenient source. For Instance, if hot products
of combustion or other waste warm gases are
avallable, these may bhe passed through heater
92 in heat exchange relation with the air from
condult T8 In any cohvenient manner. QObviously,
heater 92 may be heated in any other known
manner, as by employing solid, liguid, or gaseous
fuel.

It will therefore be appreclated that I have
provided an ailr conditioning device functioning
in accordance with an entirely new and novel
principle, and deriving by far the major portion
of the energy required from the heat contained
in atmospheric air or the air tc be conditioned.
It has long been known that atmospheric air con-
talned an enormous quantity of energy, and by



the use of the apparatus Hast deserlped I am en~
abled to employ this energy srvantageoysly to
condition pther air. I hawe also prowidad auxil-
iary devices for supplementing and augmenting
the energy avallshie from the atmogphere when-
ever this may e destrable in order .to_Increase
the general efgiency and effectiveness of my ap-
‘PAratys.

Furthersare, I have not only provided an air
conditioning apparatus incorporating and com-
prising a novel arrangement -of -an absorber .and
8 regenerator, but I have also devised bpth & new
absorber and a new regenerator incarporating
many nove]l features not heretpfere known or
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used, And while I have described what I consjder
& preferred manner of constructing and operat-
ing both the individual units and a combinatjon
thereof, yet it will be ¢obvious that the varions
valves and other component elements may be as-
sembled and operated in other manners, each of
which has particular advantages In certain ap-
plications and under the special] conditlons then
prevailing, It is also obvious that my invention
may be practiced by various modiflcations nat
hereln shown and described without departing
from the spiirt of the Invention or of the annexed
claims.
EDMUND ALTENKIRCH.




