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[ 5 7] ABSTRACT 
An installation for conditioning air in an associated 
space, comprising at least two pairs of heat exchang 
ers, each such pair including a surface heat exchang 
ers and a mixing one, the second (in the direction of 
the ?ow of the air being treated through the appara 
tus) pair of heat exchangers communicating through 
the surface heat exchanger of the-?rst pair with the 
conduit through which ambient air to be treated by 
the apparatus is supplied, for this air, after its having 
been cooled in the last-mentioned heat exchanger, to 
be directed for still deeper cooling into the surface 
heat exchanger and the mixing heat exchanger of the 
second pair. ~ 

_ 1 Claim, 8 Drawing Figures 
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AIR CONDITIONING INSTALLATION 

This application is a divisional application of Ser. No. 
131,928; ?led Apr. 7, l97l. 
The present invention relates to ventilation tech 

niques, and, more particularly, it relates to installations 
for treating air in order to obtain required characteris 
tics thereof. 
There is already known an installation performing 

two-stage evaporative cooling of air, including a sur 
face-type heat exchanger into which the ambient air to 
be treated is supplied and a mixing heat exchanger 
where air is used for cooling water serving as the inter 
mediate cooling agent in the aforesaid surface heat ex 
changer. 
' .In this known installation the ambient air to be 
treated is ?rst cooled in the surface heat exchanger 
wherein water serves as the cooling agent, this water 
being cooled in the mixing heat exchanger by an inde 
pendent stream of ambient air, whereafter the air being 
treated is cooled still deeper by being humidi?ed in an 
adiabatic air washing chamber disposed downstream of 

. the surface heat exchanger in the direction of the ?ow 
of the being treated. 
The degree to which the air is cooled in the surface 

heat exchanger of the known installation is insuf?cient. 
This creates a necessity of employing humidifying 
chambers operating according to the adiabatic cycle. 
However, this additional cooling of the air being 

treated is accompanied by considerable humidi?cation 
thereof. As a ‘result, the assimilative capacity of the air 
being treated to absorb moisture is sharply reduced. 
Consequently, the relative humidity of the air in the 
space which is served by this known installation in 
creases. This, in its turn, leads to this installation often 
being uncapable of providing required characteristics 
of the air, which characteristics are either necessary 

for carrying out certain production processes or are re 
quired for ensuring normal working and living condi 
tions in offices, production rooms, living quarters, etc. 

The above reasons have resulted in very limited prac 
tical employment of the known installations effecting 
two-stage evaporative cooling of the air. In the air con 
ditioning techniques they are replaced by .installations 
where additional cooling of the air is effected by refrig 
erating machines which are capable of cooling‘ the air 
without any additional humidi?cation thereof. 
Air conditioning installations incorporating refriger 

' ating machinery consume relatively great amounts of 
power, their maintenance is costly and complicated; 
they require for their operation devices and means for 
withdrawing heat from their condensers (cooling tow 
ers, evaporative condensers, air-cooled condensers, 
and so on). 

It is an object of the present invention to provide an 
air conditioning installation which should be capable of 
stepping up the degree of the cooling of the air being 
treated without humidifying this air. 

It is another object of the present invention to pro 
vide an air conditioning installation which should be 
capable of stepping up the degree of the cooling of the 
air being treated, without the use of refrigerating ma 
chines and other external arti?cial sources of cold sup 
ply. . 

These and other objects are attained in an apparatus 
for conditioning air in an associated space, comprising 
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2 
a main surface heat exchanger having an air path and 
an air inlet conduit through which air to be conditioned 
is supplied into said air path, and a main mixing heat 
exchanger wherein air is used for cooling liquid serving 
as the intermediate coolant in said main surface heat 
exchanger. In accordance. with the present invention, 
the installation further comprises at least one auxiliary 
surface heat exchanger and at least one auxiliary mix 
ing heat exchanger having the respective air paths 
thereof communicating through air conduit means and 
through said air path of said main surface heat ex 
changer with said air inlet conduit of said air path of 
said main surface heat exchanger, for the air supplied 
into said axuiliary surface heat exchanger and into said 
auxiliary mixing heat exchanger to be the air pre 
cooled within said main surface heat exchanger, the liq 
uid coolant path of said auxiliary mixing heat ex 
changer being connected through liquid coolant con 
duit means with the liquid coolant path of said auxiliary 
surface heat exchanger, said respective paths of said 
main mixing heat exchanger and of said auxiliary mix 
ing heat exchanger communicating through air conduit 
means. 

It is expedient for said main surface heat exchanger 
to include two sections, the air path of one of said two 
sections communicating with said air path of said auxil 
iary surface heat exchanger, the air path of the other 
one of said two sections communicating with said air 
path of said auxiliary mixing heat exchanger, the re 
spective liquid coolant paths of said two sections being 
connected to each other. _ 
The above structure of the installation embodying 

the present invention provides for the installation being 
more compact. 

It is further expedient for the air outlet conduit of 
said air path of said auxiliary mixing heat exchanger to 
communicate with the air outlet conduit of said air path - 
of said main mixing heat exchanger and forsaid air 
inlet conduit of said air path ofsaid main mixing heat 
exchanger to communicate with a conduit for with 
drawing air from said space associated with said air 
conditioning installation. 

In this way the total volume of the air being treated, 
required for the'operation of the main mixing heat ex 
changer, can be reduced. _ I 

According to another embodiment of the present in 
vention, it is expedient for said air inlet conduit of said 
air path of said main mixing heat exchanger to commu 
nicate with the air outlet conduit of said air path of said 
auxiliary mixing heat exchanger. 

In this way it becomes possible to sharply reduce the 
volume of ‘the air being treated, required for the opera 
tion of the two mixing heat exchangers. 
According to still another embodiment of the present 

invention, the air conduit means establishing communi 
cation between the respective air path of said auxiliary 
mixing heat exchangerand of said main mixing heat ex 
changer, through which air ?ows from the former into 
the latter, communicate with the air conduit for with 
drawing the air from said space associated with said air 
conditioning installation. 

In this way it becomes possible to reduce the total 
volume of the air being treated and to do without addi 
tional fan means for effecting re-circulation of the air 
from the associated space. 
According to a further embodiment of the present 

invention, the air inlet conduit of said air path of said 
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abovementioned other section of said main surface 
heat exchanger, which communicates with said air path 
of said auxiliary mixing heat exchanger, communicates 
with the air conduit for withdrawing air from said space 
associated with said apparatus. 
Thus, it becomes possible to eliminate completely the 

use of ambient air for the operation of the mixing heat 
exchangers and to do without an additional fan for re 
circulation of air from the associated space. 
According to a still further embodiment of the pres 

ent invention, said air inlet conduit of said air path of 
said auxiliary mixing heat exchanger can be directly 
connected to the conduit for withdrawing air from said 
space associated with said air conditioning installation. 

The last-mentioned embodiment of the present in 
vention makes it possible in certain cases to do without 
said other section of said main surface heat exchanger, 
i.e. without the section that is normally positioned up 
stream of said auxiliary mixing heat exchanger, such 
elimination being attained without the necessity of in 
creasing the heat exchange surface of said one section 
of said main surface heat exchanger. 
An apparatus embodying the present invention may 

incorporate several auxiliary surface heat exchangers 
and several auxiliary mixing heat exchangers. 

In this way it becomes possible in certain cases to 
cool the ambient air to a temperature practically equal 
to the dew point of the air in the initial state thereof, 
such cooling has never been achieved in the prior art 
without the use of external arti?cial sources of cold 
supply. 
Given below is a detailed description of several em 

bodiments of the present invention, with reference 
being had to the accompanying drawings, wherein: 
'FIG. 1 shows schematically an air conditioning instal 

lation constructed in accordance with the present in 
vention, including an auxiliary mixing heat exchanger 
and an auxiliary surface heat exchanger, into which 
ambient air pre-cooled in the main surface heat ex 
changer is supplied; ‘ 

FIG. 2 shows a modi?cation of the installation shown 
in FIG. 1, wherein the main surface heat exchanger in 
cludes two sections; _ 
"FIG. 3 illustrates a modi?cation of the installation 
shown in FIG. 2, wherein the air inlet conduit of the 
main mixing heat ‘exchanger is connected to the con 
duit for withdrawing air from the air-conditioned 
rooms; 
FIG. 4 illustrates another modi?cation of the installa 

tion shown in FIG. 2, wherein the air inlet conduit of 
the main mixing heat exchanger is connected to the air 
outlet conduit of the additional mixing heat exchanger; 

FIG. 5 illustrates still another modi?cation of the in 
stallation shown in FIG. 2, wherein the air conduit es 
tablishing communication between the air paths of the 
main and auxiliary mixing heat exchangers is con 
nected to the conduit for withdrawing air from the air 
conditioned rooms; 
FIG. 6 illustrates a still further modi?cation of the in 

stallation shown in FIG. 2, wherein the air inlet conduit 
of that one of the two sections of the main surface heat 
exchanger, which has the air path thereof communicat 
ing with the air path of the auxiliary mixing heat ex 
changer, is connected to the conduit for withdrawing 
air from the air-conditioned rooms; 
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4 
FIG. 7 illustrates a modi?cation of the installation il 

lustrated in FIG. 1, wherein the air inlet conduit of the 
auxiliary mixing heat exchanger is directly connected 
to the conduit for withdrawing air from‘ the air 
conditioned rooms; , ' 

FIG. 8 shows a modi?cation of the installation illus 
trated in FIG. 1, including two auxiliary mixing heat ex 
changers and two auxiliary surface heat exchangers. 
Referring now in particular to the appended draw 

ings, there is shown in FIG. 1 an air conditioning instal 
lation incorporating a pair of main heat exchangers, 
i.e., a mixing one and a surface-type one, and a similar 
pair of auxiliary heat exchangers. ‘ > 
The main surface heat exchanger 1 is intended to ef 

fect cooling of the air being handled, the air being sub 
sequently supplied into rooms where air conditioning is 
to be established, to be hereinafter referred to as “air 
conditioned rooms." This heat exchanger is preferably 
of the gas-to-liquid kind, with the liquid cooling agent 
— cooling water — being supplied through the liquid 
conduits 2 thereof, these conduits being the internal 
space of its tubing, and with the air being cooled being 
directed through the gas conduits 3 thereof, these gas 
conduits being de?ned by the ?nned external surface 
of the tubing of the heat exchanger. 

Alternatively, the main surface heat exchanger 1 can 
be of any other known structure wherein the air is 
cooled without varying the moisture content thereof 
and the cooling water, serving as the cooling agent, is 
simultaneously heated. 
The water heated up in the main surface heat ex 

changer 1 is cooled down in the main mixing heat ex 
changer 4 which can be of the multi-nozzle type, this 
heat exchanger effecting direct contact between the 
water and the stream of air. The water heated up in the 
main surface heat exchanger 1 is sprayed by a plurality 
of spray nozzles 5 positioned in the air path 6 of this 
main mixing heat exchanger 4, whereby the water is en 
gaged a direct contact with the air flowing along this 
path 6. The cooled water is collected in the bottom por 
tion 7 of the heat exchanger 4 and is directed therefrom 
through the corresponding branch of a double-branch 
conduit 8 into the water path 2 of the main surface heat 
exchanger 1. The other branch of the same water con 
duit .8 is used for pumping the water from the water 
path 2 of the main surface heat exchanger 1 toward the 
nozzles 5. 
Thus, the water path of the main mixing heat ex? 

' changer 4 includes the spray nozzles 5 and the water 
collecting bottom portion 7 of the heat exchanger 
housing. - 

Alternatively, other known structures of mixing heat 
exchangers can be used as the main mixing heat ex 
changer 4, e.g., foam-type heat exchangers, cooling 
towers, etc., provided they ensure direct contact of the 
water being cooled with the cooling gas. 
The cooling agent -— cooling water — is pumped 

through the double-branch water conduit 8 establish 
ing communication between the water pathof the main 
mixing heat exchanger 4 and that of the main surface 
heat exchanger 1 by the pump 9. The pump 9 may be 
a centrifugal pump, a piston pump or any other liquid 
circulation means. 

In order to effect further cooling of the air being 
treated without varying the moisture content thereof 
(i.e., without cooling the air by humidifying it in an adi 
abatic chamber), and also in order to eliminate the use 
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of refrigerating machines for further cooling of this air, 
vthe herein disclosed air conditioning installation in 
cludes an auxiliary surface heat exchanger 10 and an 
auxiliary mixing heat exchanger 11. 
The structure of the auxiliary surface heat exchanger 

10 is preferably similar to that of the main gas-to-liquid 
surface heat exchanger 1. The internal water path 12 
of the heat exchanger 10 has cooling water pumped 
therethrough, while the air being treated flows through 
the gas path 13 of the heat exchanger 10, after having 
been pre-cooled in the main surface heat exchanger 1. 
The water heated up in the auxiliary surface heat ex 
changer 10 is supplied through the ?rst branch of a 
double-branch conduit 14 into the auxiliary mixing 
heat exchanger 1 l, to be cooled thereinside. In ‘the last 
mentioned heat exchanger the water is sprayed by 
spray nozzles 15 intothe air path 16 of this heat ex 
changer, the air in this air path being a part of the pre 
cooled in the main surface heat exchanger 1. The water 
cooled within the auxiliary heat exchanger 11 is col 
lected in~ the bottom portion 17 thereof, wherefrom it 
is directed along the other branch of the double-branch 
conduit 14, under the action of a recirculation‘ pump 
18, into the auxiliary surface heat exchanger 10. Within 
the latter the now cooled water cools down the air 
being treated which is then directed into the air 
conditioned rooms, while the water which is now again 
heated up by the heat withdrawn from the air is di— 
rected by the pump 18 to the spray nozzles 15. It can 
be seen that the coordinated operation of the auxiliary 
surface heat exchanger 10 and the auxiliary mixing 
heat exchanger 11 which'effects cooling of the water 
circulated through the heat exchanger 10 is similar to 
the coordinated operation of the main surface heat ex 
changer ] and the main mixing heat exchanger 4. 
The ?ow of the ambient air being treated through the 

main surface heat exchanger 1 and the auxiliary surface 
heat exchanger 10, as well as the supply of this air into 
the air-conditioned rooms 19 are effected by the action 
of an air fan 20. Another air fan 21 drives the air 
through the main mixing heat exchanger 4 and the aux 
iliary mixing heat exchanger 11, and also supplies the 
air which has been treated in the two last-mentioned 
heat exchangers (the air being humidi?ed, butnot ade 
quately cooled) into the attic portion 22. of the air 
contitioned rooms 19, so as to reduce the total penetra~ 
tion of heat from outside into these rooms. In case the 
latter have no attic portion, this air is directed into the 
ambient atmosphere. ' 
The respective directions of the ?ow of the air and 

the water in the installation illustrated in FIG. 1 and in 
the apparatus illustrated in the other ones of the ap 
pended drawings are indicated in these drawings by 
arrow lines. 
Ambient air is introduced into the herein disclosed 

installation via corresponding air supply conduits. The 
air supply conduit 23 communicates with the air inlet 
conduit 24 of the air path 3 of the main surface heat ex 
changer 1. The air conduit 25 establishes communica 
tion between the outlet conduit 26 of the air path 3 of 
the main surface heat exchanger 1 and the inlet conduit 
27 of the air path 13 of the auxiliary surface heat ex 
changer 10. In this way the air pre-cooled in the main 
surface heat exchanger 1 is supplied into the air path 
13 of the auxiliary surface heat exchanger 10. The air 
conduit 28 serves as the outlet of the air path 13 of the 
auxiliary surface heat exchanger 10 and communicates 
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6 
with an air conduit 29 through which the cooled air is 
supplied to the air fan 20, the latter driving it through 
an air conduit 30 into the air-conditioned rooms 19. An 
air supply conduit 31 communicates with the inlet con 
duit 32 of the air path 6 of the main mixing heat ex 
changer 4. In this way air is introduced through the air 
conduit 32 into the air path 6 to withdraw heat from the 
water that is sprayed in the mixing heat exchanger 4. 
The outlet conduit 33 of the air path 6 of the main mix 
ing heat exchanger 4 communicateswith an air conduit 
34 which, in its turn, communicates with the inlet con 
duit 35 of the other air fan 21. The latter directs air via 
an air conduit 36 either into the attic 22 or into ambi 
ent atmosphere. 
An air conduit 37 establishes communication be 

tween the previously mentioned air conduit 25 and the 
inlet air conduit 38 of the air path 16 of the auxiliary 
mixing heat exchanger 11, in which way a part of the 
air pre-cooled in the heat exchanger 1 is diverted into 
this air path 16, to withdraw heat from the water that 
is sprayed in the heat exchanger 11. An air conduit 39 
is the outlet conduit of the air path 16 of this auxiliary 
mixing heat exchanger 11; it communicates with the 
above-mentioned air conduit 35 through which the hu 
midi?ed air is supplied vtowards the fan 21 which directs 
it either into the attic 22 or into the ambient atmo 
sphere. I 

Thus, the air conduits 37 and 25 establish communi 
cation between the air path 16 of the auxiliary mixing 
heat exchanger 11 and the air path 13 of the auxiliary 
surface heat exchanger 10, and the inlet air conduit 24 
of the air path 3 of the main surface heat exchanger 1. 
Through these conduits 25 and 37 the ambient air (of 
which the moisture content has not been varied) pre 
cooled in the main surface heat exchanger 1 ?nds its 
way into the air paths l3 and 16 of the auxiliary surface 
heat exchanger 10 and of the auxiliary mixing heat ex 
changer 11, respectively. 
The physical principles of the operation of the air 

conditioning installation schematically illustrated in‘ 
FIG. 1 in summertime are, as follows. 
The main surface heat exchanger 1 and the auxiliary 

surface heat exchanger 10 effect cooling of the ambient 
air without varying the moisture content thereof. Heat 
withdrawn from the ambient airbeing cooled is trans 
ferred to the intermediate liquid cooling agent, e.g., 
cooling water, the air not being in direct contact with 
this cooling agent. From the intermediate cooling agent 
(e.g., water) the main and auxiliary mixing heat ex 
changers 4 and 11, respectively, re-direct heat to the 
air being treated, under the conditions of direct contact 
between the air and the cooling agent, this cooling liq 
uid agent, i.e., water partly evaporating, and the heat 
of the evaporating water being transferred to the cool 
ing ambient air. 

In order to intensify the process of the cooling of the 
water and to make the temperature of the water below 
that of the water in the main mixing heat exchanger 4, 
the auxiliary mixing heat exchanger 1 1 uses for its cool 
ing agent adapted to .withdraw heat from the water the 
ambient air pre-cooled in the main surface heat ex 
changer ] (of which the moisture content has not been 
varied). 
As the air is cooled without its moisture content 

being varied, its wet-bulb temperature is simulta 
neously lowered, the last-mentioned temperature be 
ing, as is known, the lowest temperature to which water 
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can be cooled as a result of its direct contact with the 
air. The wet-bulb temperature of the ambient air pre 
cooled in the heat exchanger 1 will always be lower 
than the wet-bulb temperature of uncooled ambient air 
?owing into the main mixing heat exchanger 4. There 
fore, the water cooled in the auxiliary mixing heat ex 
changer 11 is bound to have its temperature substan 
tially lower than that of the water cooled in the main 
mixing heat exchanger 4. 
Considering that the cooler water from the heat ex 

changer 11 is directed into the heat exchanger 10 into 
which is also directed the air pre-cooled in the heat ex 
changer l, we can seethat the auxiliary heat exchanger 
10 effects deep cooling of the ambient air without vary 
ing the moisture content thereof, to temperatures sub 
stantially lower than the wet-bulb temperature of. the 
ambient air that has not been treated by the herein dis 
closed installation. 

In this way there is attained the main object of the 
present invention, namely, that of creating an air condi 
tioning plant which should step up the degree of the 
cooling of ambient air without humidifying the same, 
this cooling being achieved without the use of refriger 
ating machines and other arti?cial external sources of 
cold. - ‘ 

The air conditioning installation schematically shown 
in FIG. 1 is operated in the following way. 
The ambient air to be treated is drawn into the main 

surface heat exchanger 1 where it is cooled without its 
moisture content being varied. Heat is withdrawn from 
this ambient air in the heat exchanger 1 by the water 
serving as the intermediate cooling agent, the water 
?owing along the water tubing, or path 2 of the heat ex 
changer 1. This heated up water is pumped by the 
pump 9 through the respective branch of the conduit 
8 into the main mixing heat exchanger 4, to be sprayed 
therein. By engaging in direct contact with the ambient 
air ?owing into the heat exchanger 4 via the conduits 
31 and 32, the water sprayed by the spray nozzles 5 is 
cooled down. This cooling of the water in the heat ex 
changer 4 is due to the'water partly evaporating, the 
wet-bulb temperature of the air ?owing into the heat 
exchanger 4 being always below the temperature of the 
water being sprayed. The now cooled water which has 
transferred part of its heat to the air in the heat ex 
changer 4 is re-directed by the pump 9 into the heat ex 
changer l for cooling the ambient air ?owing there 
through, Having been heated up in the heat exchanger 
1, the water is again directed by the pump 9 into the 
heat exchanger 4, to be sprayed and cooled therein. 
Thus, there is maintained continuous circulation of the 
water through the heat exchangers l and 4, with trans 
fer of the heat withdrawn from the ambient air in the 
heat exchanger 1 to the ambient air ?owing through the 
heat exchanger 4. 
The joint operation of the auxiliary surface heat ex 

changer 10 with the auxiliary mixing heat exchanger 11 
is quite similar to the joint operation of the heat ex 
changers 1 and 4, the only difference being in that the 
heat withdrawn from the air ?owing through the heat 
exchanger 10 is transferred to the ambient air that has 
been pre-cooled in the main surface heat exchanger 1. 

Thus, the general rule is that the air cooled in the 
main and auxiliary surface heat exchangers should 
preferably be the ambient air which, after having been 
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cooled in the two last-mentioned heat exchangers, is 
directed into the air-conditioned rooms 19.‘ 
However, it is not only the ambient air that can be 

used for withdrawing the heat from the water sprayed 
in the main mixing heat exchanger 4; in_ certain cases 
it may be either air re-circulated from the air 
conditioned rooms 19, or even the air already used in 
the additional mixing heat exchanger 11. 
This is possible on account of the wet-bulb tempera 

ture of the air re-circulated from the air-conditioned 
rooms 19 and that of the air already used in the addi- - 
tional mixing heat exchanger 11 being, as a rule, not 
higher than the wet-bulb temperature of the untreated . 
ambient air which is directed to cool down the water in 
the main mixing heat exchanger 4. 
The ambient air cooled ?rst in the main surface heat 

exchanger 1 and then in the additional surface heat ex 
changer 10, its humidity not having been varied, is sup 
plied into the air-conditioned rooms 19, where‘this air 
is used for maintaining therein air parameters that are 
required either for production reasons, or for the rea 
sons of the comfort of the inhabitants of the rooms. 
The air that has received the heat from the water in 

the mixing heat exchangers 4 and 11 is driven by the 
fan 21 into the attic portion 22 of the rooms 19, where 
it can be utilized on account of its being although hu 
mid, but at a suf?ciently lowered temperature to re 
lieve at least a part of the heat load of the building in 
cluding the rooms 19. In case there is no such attic por 
tion, this air is directed into the ambient atmosphere. 

The air conditioning installation illustrated in FIG. 2 
of the appended drawings is a modi?cation of the in 
stallation described hereinabove and illustrated in FIG. 
1. The functioning of the units and individual parts of 
the installation illustrated in FIG. 2, as well as the oper 
ational principle and the physical foundations thereof 
are the same. Besides, the numerals indicating similar 
units and parts in FlG. 2 and in FIG. 1 are the same in 
the cases when the functioning of these units and parts 
in the two respective modi?cations is exactly the same. 
The said condition applies to every one of the drawings 
appended to the present speci?cation. " t 
The difference between the installation illustrated in 

FIG. 2 and the modi?cation previously described is in 
' that the main surface heat exchanger includes two 
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stages, or sections la and 2b, respectively. The air path 
3a of the first section 1a is connected via conduits 26, 
40 and 27 to the_air path 13 of the auxiliary surface 
heat exchanger 10. The air path 3b of the second sec 
tion lb communicates via conduits 41, 42 and 38 with 
the air path 16 of the auxiliary mixing heat exchanger . 
11. 
The inlet air conduit 43 of the path 3b of the second 

section lb of the main surface heat exchanger is con 
nected to an air supply conduit 44 through which the 
ambient air ?ows toward this second section lb. The 
outlet air conduit 41 of the air path 3b is connected 
through the conduit 42 to the inlet conduit 38 of the air 
path 16 of the additional mixing heat exchanger 11, in 
which way the air pre-cooled in the heat exchange lb 
is supplied into the air path 16. ' 
The access of the ambient air to be cooled into the 

plant illustrated in FlG. 2 is effected through two con 
duits — 23 and 44. This structural feature of the instal 
lation enables the latter to be more compact, because 
here the heat exchangers lb and 11 can be situated at 
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a considerable distance from the heat exchanger la, 
whereas in the modi?cation previously described and 
illustrated in FIG. 1 any considerable remoteness of the - 
heat exchanger '11 from the heat exchanger 1 results - 
in the conduit 37 being relatively long, which cannot be 
always attained in the actual construction of the instal 
lation. 

It should be noted that the water serving as the inter 
mediate cooling agent in the sections la and lb is 
cooled solely in the main mixing heat exchanger 4. 
Therefore, the respective water paths 2a and 2b of 
these sections and the water path 5, 7 of the main mix 
ing heat exchanger communicate with one another 
within a single re-circulation system including the con 
duits 8. 
The air conditioning installation illustrated in FIG. 3 

is a modi?cation of the installation illustrated in FIG. 
2. The installation shown in FIG. 3, differs from the one 
previously described in that the inlet air conduit of the 
air path 6 of the main mixing heat exchanger 4 is, con 
nected via a conduit 45 with a conduit 46 through 
which air is dithdrawn from the air-conditioned rooms. 

When installation illustrated in FIG. 1 was described 
here inabove, it was stated that the‘ air used for cooling 
the water sprayed by the spray nozzles 5 in the main ?x 
ing heat exchanger 4 should have the wet-bulb temper 
ature thereof not above that of the air supplied via the 
conduits 23 and 44' into the main surface heat ex 
changer I. In the areas with hot, dry climate the air in 
the air-conditioned rooms will usually have its wet-bulb 
temperature lower than that of the ambient'air. Conse 
quently, it is quite pro?table to use the air re-circulated 
from the air-conditioned rooms for cooling the water in 
the main mixing heat exchanger 4, as is illustrated in 
FIG. 3. The use of the re-circulation air instead of the 
ambient air in the last described case provides for cut 
ting down the total amount of the ambient ait treated 
by the installation, whereby the operation of the latter 
becomes more economical. ‘ . 

Illustrated in FIG. 4 of the appended drawings is a 
air conditioning installationwhich is a further modi? 
cation of the installations illustrated, respectively, in 
FIGS. 1 and 2. This plant differs from the two previ 
ously described ones in that the inlet air conduit 32 of 
the air path 6 of the main direct contact heat exchanger 
4 thereof communicates via a conduit 47 with the out 
let conduit 39 of the air path 16 of the auxiliary mixing 
heat exchanger 11. The air that has passed through the 
air path 16 of the heat exchanger 16 has its wet-bulb 
temperature not higher than that of the ambient air and 
not higher than that of the air coming from the air 
conditioned rooms. Therefore, it is quite advisable to 
utilize the air ?owing from the additional heat ex 
changer 11 in the main mixing heat exchanger 4, as is 
illustrated in FIG. 4. The air coming from the heat ex 
changer 4 is directed via the conduits 33 and 48 into 
the fan 2] which forwards it either into the attic portion 
22 via the conduit 36, or into the ambient atmosphere. 

The above speci?ed characteristic feature of the 
plant illustrated in FIG. 4 makes it possible to sharply 
reduce the total volume of the air treated by the instal-' 
lation, and thus to render the latter more economical. 
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The air-conditioning installation illustrated in FIG. 5 

is a modi?cation of the installation previously de 
scribed in connection with the FIG. 4. 
The difference between the installation illustrated in‘ 

FIG. 5 and the one previously described is that here the 
main mixing heat exchanger 4 uses for cooling the 
water sprayed thereinside not only the air that has 
passed through the air path 16 of the additional mixing 
heat exchanger 11 (as was shown in FIG. -4) but also 
partly the re-circulation air drawn from the air 
conditioned rooms 19. This is obtained by establishing 
communication between the air conduit 49connecting 
the respective air paths l6 and 6 of the auxiliary direct 
contact heat exchanger 11 and of the main one 4 with 
the air outlet conduit 46 of the air-conditioned rooms 
19 via a conduit 50. 
‘ In this way it becomes possible to reduce the volume 
of the air treated by the installation and to do without 
an additional fan for re-circulation of the air from the 
rooms 19. I ' 

, FIG. 6 illustrates an air conditioning plant which is a 
still further modi?cation of the previously described 
installation shown in FIG. 5. . ’ 

The installation illustrated in FIG. 6 differs from the 
one previously described in that here the air inlet con 
duit 43 of the air path 3b of the second section 1b of 
the main surface heat exchanger communicates via an 
air conduit 51 with the air outlet conduit 46 of the air 
conditioned rooms 19. 

It is expedient to use the installation illustrated in 
FIG. 6 in the areas with hot, dry climate, where the wet 
bulb temperature of the air in the air-conditioned 
rooms is bound to be substantially lower than that of 
the ambient air. ' 

The last-described modi?cation of the herein dis 
closed installation makes it possible to eliminate com 
pletely the use of the ambient air for the operation of 
the mixing heat exchangers l1 and 4 and also to do 
without an additional fan for re-circulation of the air 
from the rooms 19. > ' ' 

> Illustrated in FIG. 7 is an air conditioning installation 
which is a modi?cation of the installations described 
hereinabove in connection with the drawings, FIGS. 4, 
5and6._ _ v I ‘ ‘ 

’ Like these previously described installations, the 
modi?cation shown in FIG. 7 uses the air pre-cooled in 
the main surface heat exchanger 1 to intensify the cool 
ing of the water in the auxiliary mixing heat exchanger ’ 
l1 and to lower the temperature of the air being 
treated, by directing this pre-cooled air into the air 
paths of the auxiliary surface heat exchanger 10 and of 
the additional mixing heatexchanger 11. 
The installation illustrated in FIG. 7 differs from the 

installations described hereinabove in connection with 
FIGS. 2 and 4 in that here the air pre-cooled in the 
main surface heat exchanger 1 is supplied into the aux 
iliary mixing heat exchanger 11 via an air conduit 52, 
after having passed successively through the auxiliary 
surface heat exchanger 10 and the air-conditioned 
rooms 19. 

Besides, in this modi?cation the main surface heat 
exchanger 1 has only one stage, or section, similarly to 
the installation illustrated in FIG. 1. However, in this 
case the outlet air conduit 26 of the air path 3 of the 
main surface heat exchanger 1 is connected via an air 
conduit 53 to the air inlet conduit 27 of the air path 13 
of the auxiliary surface heat exchanger 10. 
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In the areas with hot, dry climate, where the wet-bulb 
temperature of the air in the air-conditioned rooms is 
about the same as that of the air pre-cooled in the main 
surface heat exchanger 1, the principal structure of the 
air conditioning installation shown in FIG. 7 makes it 
possible to do without: ?rst, the incorporation of the 
second section of the main surface heat exchanger 1; 
second, the use of the ambient air for the operation of 
the mixing heat exchangers; third, the incorporation of 
an individual additional fan for withdrawing the used 
up air from the air-conditioned rooms. 
FIG. 8 of the appended drawings illustrates an air 

conditioning illustration which is a further modi?cation 
of the installation described hereinabove in connection 
with FIG. 1. ' 

This last-described modi?cation includes two auxili 
ary surface heat exchangers 10 and 54 and two auxili 
ary mixing heat exchangers 11 and 55. 
The principle of the joint operation of the additional 

couple including the auxiliary surface heat exchanger 
54 and the auxiliary mixing heat exchanger 55 is identi 
cal to that of the joint operation of the main surface 
heat exchangers —- l and 4, and auxiliary heat exchang 
ers 10 and 1 l, which has been described in detail here 
inabove. 
The water path 56 of the second-auxiliary surface 

heat exchanger 54 is connected via a double~branch 
water conduit 57 to the water path 58, 59 of the second 
auxiliary mixing heat exchanger‘55. A pump 60 is in 
cluded into the conduit 57, the pump driving the water 
through the conduit '57, through the water path 56, 
through the spray nozzles 58 and returning it from the 
bottom portion 59 of the heat exchanger 55 back into 
the water path 56. 

In order tointensify cooling of the water sprayed in 
the air path 61 of the second auxiliary mixing heat ex 
changer 55, the air supplied into this path is the air pre 
cooled in the ?rst auxiliary surface heat exchanger 10. 

The air outlet conduit 28 of the air path 13 of the ?rst 
auxiliary surface heat exchanger 10 communicates with 
two air conduits 62 and 63 through which a part of the 
air cooled in the heat‘exchanger 10 ?ows into the air 
path 61 of the second auxiliary mixing heat exchanger 
55,through the air inlet conduit 64 thereof. . 
Thus, through the succession of conduits 28, 62, 63 

and 64 the air cooled in the ?rst auxiliary surface heat 
exchanger 10 is supplied into the air path 61 of the sec 
ond auxiliary mixing heat exchanger 55 where it cools 
the water sprayed thereinside, whereafter it leaves 
through the air outlet conduit 65 of the heat exchanger 
55 and ?ows through an air conduit 66 into the fan 21 
which drives it through an air conduit 67 either into the 
attic 22 or into the ambient atmosphere. 
The air which has been used in the mixing heat ex 

changers 4 and 11 ?ows, respectively, through air con 
duits 68 and 69 into the air conduit 66 which guides it 
into the fan 21. 
The other part of the air cooled in the heat exchanger 

10 ?ows via the air conduit 62 into the air inlet conduit 
'70 of the air path 71 of the second auxiliary surface 
heat exchanger 54. The latter cools the air to a still 
lower temperature, whereafter the air flows along air 
conduits 72 and 73 into the air fan 20 which drives it 
through the air conduit 30 into the air-conditioned 
rooms 19. 
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The use of the air conditioning installation illustrated 

in FIG. 8 in some cases makes it possible to cool the 
ambient air down to a temperature practically equal to 
the dew point of the air in the initial state thereof. 
Such deep cooling of the ambient air without the use 

of refrigerating machines can be effected only by the 
installation of which the principal structure is illus 
trated in FIG. 8. 
To conclude, let us dwell on some of the characteris 

tic features of the herein disclosed novel air condition 
ing installation. 
An air conditioning installation constructed in accor 

dance with the present invention is intended for round 
the-year operation. Thus, in wintertime and over cool 
periods it is advisable to use the second section lb (see, 
for example, the modi?cation illustrated in FIG. 4) of 
the main surface heat exchanger for heating the air. 
Then, in the auxiliary mixing heat exchange 11 there is 
performed adiabatic humidi?cation of the air being 
treated. The ?nal heating of the air is then effected in 
a surface heat exchanger which is connected intermedi 
ate of the air conduits 33 and 48. The air fan 21 drives 
the heated air through the air conduit 36 (which in this 
case should be connected to' the air conduit 30) into 
the rooms 19. In wintertime the fan 20, the ?rst section 
In of the main surface heat exchanger and the auxiliary 
surface heat exchanger 10 are not operated. 

It is highly advisable to use the herein disclosed air 
conditioning installation in the areas with hot, dry cli 
mate in association with accumulator tank means. ' 

The accumulator tank means should be‘connected in 
parallel with the double-branch conduit 14 which es 
tablishes communication between the auxiliary surface 
heat exchanger 10 and the auxiliary 'mixing heat ex 
changer, 11. 
At nights the air fan 20 is kept idle, and the air fan 

21 is operated, whereby the water in the accumulator 
tank means becomes substantially cooled, and during 
the next day this cooled water is used in the auxiliary 
heat exchanger 10 for cooling the air ?owing there 
through. ' ' ' 

The ambient air and the re-circulation air can be 
cleaned in the herein disclosed air conditioning instal 
lation by means of appropriate ?lters positioned up 
stream of the main surface heat exchanger and up 
stream of each one of the mixing heat exchangers. 

Instead of water used in the herein disclosed air con 
ditioning installation as the intermediate coolant circu 
lated through the water paths of the surface and mixing 
heat exchangers thereof the installation can make use 
of various known brines that would be more intensively 
cooled within the mixing heat exchangers as a result of 
their contact with the air being treated. ' 
The herein disclosed plant can be employed not only ' 

as an air conditioning one, but also as an air-operated 
refrigerating apparatus for cooling a cooling agent, e.g., 
water in the auxiliary mixing heat exchanger 11 to a 
temperature substantially lower than the wet-bulb tem 
peratures of the ambient air. _ 
Thus, the consumers of the cold produced by the in 

stallation may be various chambers and other objects 
taking the place of the auxiliary surface heat exchanger 
10 (FIG. 1), into which the liquid coolant will be sup 
plied through the corresponding branch of the conduit 
14 and the cooled air will be supplied through the air 
conduit 25 from the main surface heat exchanger 1. 
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An installation constructed in accordance with the 
present invention can be further used for cooling vari 
ous gases instead of the ambient air, e.g., exhaust gases 
produced by combustion of fuel. 
The present invention may be embodied in a room air 

conditioner operating without a refrigerating machine. 

The use of an air conditioning or like installation con 
structed in accordance with the present invention 
proves to be very pro?table from the economical point 
of view, because it provides .for obtaining desired char 
acteristics of air or other gases in the associated rooms 
and other premises without the employment of refriger 
ating machines, whereby both the capital investment 
and the running costs are considerably reduced. 
We claim: 
1. An installation for conditioning air in an associated 

space comprising: a main surface heat exchanger hav 
ing an air path and an air inlet conduit through which 
air to be conditioned is supplied into said air path; a 
main mixing heat exchanger wherein air is used for 
cooling liquid serving as the intermediate coolant in 
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said main surface heat exchanger; at least one auxiliary 
surface heat exchanger and at leastione auxiliary mix 
ing heat exchanger having the respective air paths 
thereof communicating through said air path of said 
main surface heat exchanger with said air inlet conduit 
of said air path of said main surface heat exchanger, 
whereby the air supplied into said at least one auxiliary 
surface heat exchanger and into said at least one auxili 
ary mixing heat exchanger is the air pre-cooled within 
said main surface heat exchanger; the liquid coolant 
path of said at least one auxiliary mixing heat ex 
changer being connected through liquid coolant con 
duit means with the liquid coolant path of said at least 
one auxiliary surface heat exchanger, said respective ' 
air paths of said main mixing heat exchanger and of 
said at least one auxiliary mixing heat exchanger com 
municating through air conduit means, and said air 
inlet conduit of said air path of said auxiliary mixing 
heat exchanger being connected to a conduit commu 
nicating with said space associated with said air condi 
tioning installation for withdrawing air therefrom. 

* * * * * 
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