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This invention relates to air conditioning 
plants for use in maintaining the desired 
temperature and relative humidity in en 
closed spaces such as factories, theatres, and 

5 other buildings in which it is necessary to 
maintain air at a controlled temperature and 
at a low relative humidity. • 
In my copending application Serial No. 

293,072, filed July 16, 1928, I have described 
10 and claimed a method of and apparatus for 

conditioning air, characterized by the use 
of a mechanical refrigerating plant in which 
the heat abstracted from the air of the de 
humidifier is later restored in part to the 

15 same air to raise its temperature and reduce 
its relative humidity. W 
In that prior structure, which was de 

scribed as applied to a theatre, there was a 
duct leading from the theatre and back to 

20 the theatre through the conditioning appa 
ratus. There was also means for venting a 
portion of the vitiated air passing from the 
theatre and supplying make-up air from out 
doors so that the air returned to the theatre 
consisted of a mixture of recirculated and 
fresh air. This mixture first passed over the evaporator cooling coils of the refrigerating 
system where it was subjected to a washing 
action with chilled water. It next passed 

30 through the usual eliminators and then was 
reheated by being passed over a portion of 
the condenser. This portion of the condenser 
may be regarded merely as a part of the con 
denser, but as the part in the circulating duct 
and the part outside the circulating duct 
were connected in series, the first element in 
the duct can be regarded as the condenser 
pre-cooler. The advantage in this is that 
the refrigerant gas leaving the compressor 
at its maximum temperature, traverses the 
coils in the duct; thus offering a favorable 
opportunity for heat transfer from the re 
frigerant gas to the air in the duct for re 
heating purposes. 
In the prior application the regulation of 

the amount of heat rejected from the pre 
heater to the circulating air was effected by 
passing the air into contact with the pre 
cooler unit of the condenser or by-passing it 
around the same in varying proportions, 
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The present application is directed to a 
variant of this construction in which the 
regulation is secured in a different manner. 
In the present case the circulating air passes 
in contact with a condenser-pre-cooler at all 55 
times, but the amount of heat rejected from the pre-cooler is varied by passing the hot 
gaseous refrigerant through the pre-cooler 
to the main portion of the condenser, or di 
rectly to the main portion of the condenser 60 
without passing through the pre-cooler. 
The success of operation is entirely de 

pendent on a satisfactory control of the re 
heating action, without unduly disturbing 
the condensing action of the refrigerating 
unit, and the structure here disclosed is be 
lieved to possessimportant features of utility. 
The preferred embodiment of the invention 

is illustrated in the accompanying drawing which is a diagrammatic plan view of a port' 
tion of an enclosed space such as a theatre, 
together with the conditioning system, shown 
partly in section. 
A portion of an auditorium or other en 

closed space is indicated at 1. From this 5 
space there leads an exhaust or air discharge 
duct 2. 3 and 4 represent manually adjust 
able dampers, the damper 3 controlling the 
vent connection 5 leading to the atmosphere, 
and the anger 4 controlling flow through 
the duct 2. By appropriate relative settings. 
of the dampers 3 and 4, it is possible to vent 
to atmosphere the desired proportion, usually 
about one-fourth of the total air withdrawn 
from the room 1. The duct 2 discharges 
into a mixing chamber 6 into which there 
leads a fresh air inlet duct 7 controlled by a 
manually adjusted damper 8. 
From the mixing chamber 6 the mixture 

of fresh and recirculated airflows to the right" 
through a washer of known form. This in 
cludes a plurality of spray pipes 9 which 
are fed with spray water by a rotary pump 11, 
driven by a motor 12. The pump discharges 
through pipe 13 and draws its supply through 95 
a pipe 14 from a sump 15 into which the spray 
water and the water from the eliminators, 
hereinafter described, flow. 
The spray water is refrigerated by evap 

orator coils 16, of known form, which are 100 



2 

preferably mounted in the path of the air 
and of the spray discharging from the spray 
heads 9. In this way the air is refrigerated 
by direct contact with the coils and also by 
contact with the spray water which imping 
ing upon the coils, is cooled as it trickles 
back to the sump 15. The ends of the sump 
are indicated at 17 and 18. 19 is an eliminator 
of usual construction. 

O 

ls 

The washer is housed in an elongated duct 
21 which extends beyond the eliminators 19 
and which beyond these eliminators is some 
what contracted, as shown at 22 and there 
encloses a set of coils 23 which has a dual 
function. From the standpoint of the re 
frigerating cycle it is a pre-cooler connected 
in series with the main condensing coil 24. 
From the standpoint of the air conditioning 
operation it is a reheater for raising the 
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temperature of the saturated air discharged. 
by the eliminators 19. The main condenser24 
will ordinarily be water-cooled, but as this 
is familiar practice, no attempt has been made . 
to illustrate it. The invention is not limited to any particular means for cooling the coils 
After flowing in contact with the coils 28 

the dehumidified air which is now reheated, 
asses to the total volume fan 25 and by this 
an is discharged through a return duct 26 

into the theatre. The fan is driven by motor 
30. . 

The modes of connecting the ducts 2 and 26 
to the theatre or other room, may follow 
known practice, and is not a feature of the 
present invention. In this connection I have 
in mind the known arrangements using mush 
rooms under the seats with either upward cir 
culation through the theatre, or downward 
circulation, as conditions may require. 
There have also been installations in which 
one set of ducts discharges through the side 
walls and the others either through the ceiling or through floor openings. My invention is 
not limited to use with any particular system. 
The discharge end of the coil 23 is connect 

ed through a check valve 27 with theinlet end 
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of the main condensing coil 24. The check 
valve permits flow from the pre-cooler to the 
condenser and closes against reverse flow. 
28 represents a normally open stop valve 

at the inlet end of the coil 24, 29 represents a 
normally pen stop valve at the discharge end 
of its f . . . . . . . Liquefied refrigerant flowing through the 
valve 29 is controlled by an EFvalve 31 which regulates the supply of refrigerant 
to the expander coils 16. These coils are in 

60 turn connected by the suction line 32 with the compressor 33. This may be driven by an 
electric motor 34, in a familiar manner. 

65 

The compressor 33 discharges through the 
high pressure refrigerant line 34 to a switch 
valve 35. This valve 35 is operated by a dia 
phragm motor 86, and serves to connect the 

it might be controlle 

control of the motor 36 is exe 

trance end of the washer. - - - 
In some cases it is entirely practicable to . 
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line 34 either to the inlet end of the coil 23, 
or to the inlet end of the coil 24, or to both 

For purposes of explanation, I show two 
thermostats 37 and 38, both connected in con 
trolling relation to the motor 36. It is within 
the scope of the present invention to control 

in varying proportions. The diaphragm 
motor 36 is thermostatically controlled. 

70 

the motor 36 solely by a thermostat 37, which 
is located in the SEE, duct 26. Similarly, 
38 which is in the duct 2. This last location is 
the approximate equivalent of the location of 
the thermostat 38 within the room 1. Ima. 
use, however, an arrangement in which the 

ed primarily 
by the thermostat 38, and in which the ther 

solely by the thermostat. 
75 

y sd. 

mostat 37 operates to suspend the control of . 
the thermostat 38 and increase the reheating 
action of the coil 23 arbitrarily, in the event 
that the temperature in the duct 26 becomes too low. 
The use of two thermostats, one of which 

suspends the action of the other, under cer 
tain conditions, is known in the temperature regulating art. 

xcept as expressly stated in the claims, I 
do not to be limited to any particular 

90 

location for the thermostat or thermostats, 
but contemplate availing of known devel 
opments in the art of temperature regulation. 
In some cases mahual re lation might be 
used. It is, also practicable to apply auto 
matic regulation to dampers 3, 4 and 8, or to 
certain of them. - 
The drawing is primarily diagrammatic 

and no effort has been made to illustrate in 
detail the structure of elements which are 
'familiar in the art and which are standard 
articles of commerce. 
While I prefer to use carbon-dioxide as a 

refrigerant, and make use of a mechanical 
compressor, any suitable refrigerant operat 
ing on any known cycle may be substituted. 

ith the parts arranged as described, and 

95. 
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105 

110 
with the motors 12, 30 and 34 running, the fan 
25 operates as a total volumefan withdrawing 
air through the duct 2, chamber 6 and air 
washer, then through the eliminators 19 into 
contact with the coils 23. The air so drawn is 
returned through the duct. 26. The proper 
adjustment of the dampers 4 and 3 will insure 
the discharge through the passage 5 of a 
proper proportion of the recirculated air, and 

EE: adjustment of the damper 8 
WLE e 

do away with the discharge duct 5 and the 

gulate the supply of a corresponding 
amount of fresh air to the chamber 6 at theen, 

15 

120 

25 
dampers 3 and 4, in which case the plant 
would operate as a plenum system and the 
necessary air would be vented from the audi 
E. by leakage, as is common practice in 
the art. . 
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The refrigerating coils 16 abstract heat di 
rectly from the passing air and also from 
the spray, but since the spray derives what 
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ever heat it gives up to the coils from the air, 
the air is the ultimate source of the abstract 
ed heat. 
After passing through the washer and be 

ing deprived of a portion of its total heat, 
and consequently of a portion of its moisture, 
the air passes through the eliminators 19 
which serve to intercept entrained moisture. 
Thus the air approaches the coils 23 in a sat 
urated condition at a low temperature and 
then passes in contact with the pre-cooler 
coils 23 which reject the heat from the re 
frigerant to the air at a rate dependent on 
the setting of the valve 35. As explained 
this setting may be made manually or may 
be under the control of the thermostats 37 
or 38, or both 37 and 38. The preferred ar 
rangement is to control solely by the ther 
mostat shown at 38. In this way the air is 
reheated in the proper degree and in its final 
ly conditioned state is returned to the room 
1 through the duct. 26. - 
It will be observed that the valve 35 con 

trols the rate of flow of gaseous refrigerant 
to the pre-cooler 23, and that since the check 
valve 27 precludes flow from the coils 24 to 
the coils 23, there will be established in the 
coils 23 a pressure and temperature which 
will vary according to the setting of the valve 
35. In this way a nice regulation of the re 
heating is secured. 
The refrigerating effect of the coils 16 may 

conveniently be adjusted manually, and I 
prefer this to attempts at automatic regula 
tion, which often introduce troublesome Sec 
ondary effects. 
The plant above described presents a num 

ber of important advantages. All the air 
which is discharged into the theatre has been 
washed and conditioned. Since all the air 
passes through the washer it is not necessary 
to operate the refrigerating coils 16 at ex 
cessively low temperatures and pressures as 
is required in some prior systems. The re 
sulting use of higher suction pressures in 
creases the volumetric efficiency of the com 
pressor and is a desirable feature. 
No extraneous source of heat for reheating 

the air is necessary, the reheating being ef 
fected by the restoration to the air of heat 
units abstracted in the washer. Further 
more, the cool washed air is usefully applied 
in preliminary cooling of hot gases, thus 
economizing in condenser water. Since, all 
the air which is circulated is washed and 
conditioned, the total amount which need be 
circulated to maintain a definite standard 
of air purity, is reduced to the possible mini 
mum. It thus follows that the ducts and 
conditioning system are of smaller size than 
where air is by-passed to effect reheating. 
The manner of regulating the reheating 

3 

effect by controlling the amount of hot gase 
ous refrigerant fed to the reheater-pre-cooler 
coils 23, is very effective. Not only may a 
nice graduation of the heat be brought about, 
but the action is prompt and sensitive. 
As above stated, the showing is largely 

diagrammatic, and the apparatus is subject 
to considerable variation in the specific form 
of its parts. The underlying principle may 
be applied in various known systems of dis 
tribution, and the conditioning cycle is sus 
ceptible of automatic control of various 
types familiar in the art. 
What is claimed is - 
1. The combination of a room; a ventilat 

ing duct leading from and back to said room; 
means for inducing a circulation through said 
duct; a dehumidifier unit of the refrigerat 
ing type including an evaporating cooling 
coil and a heat rejecting condenser, said coil 
and a portion only of the condenser being lo 
cated in said duct in the order stated rela 
tively to the direction of circulatory flow; 
and means for directing hot gaseous refriger 
ant at varying rates to that portion of the 
condenser within the duct, while the refriger 
ating dehumidifier continues in normal oper 
ation. 

2. The combination of a room; a ventilat 
ing duct leading from and back to said room; 
means for inducing a circulation through 
said duct; a dehumidifier unit of the refriger ating type including an evaporating cooling 
coil and a heat rejecting condenser, said 
coil and a portion only of the condenser be 
ing located in said duct in the order stated 
relatively to the direction of circulatory flow; 
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means for directing hot gaseous refrigerant 
at varying rates to that portion of the con 
denser within the duct while the refrigerat 
ing dehumidifier continues in normal oper 
ation; and thermostatic means controlling the 
last named means. 

3. The combination of a room; a ventilat 
ing duct leading from and back to said room; 
means for inducing a circulation through 
said duct; a dehumidifier unit of the re frigerating type including an evaporating 
cooling coil and a heat rejecting condenser 
constructed in two units connected in series, 
said coil and the first of said condenser units 
being located in said duct in the order stated 
relatively to the direction of circulatory 
flow; and means for directing hot gaseous re 
frigerant to said units in varying propor 
tions. 

4. The combination of a room; a ventilat 
ing duct leading from and back to said room; 
means for inducing a circulation through 
said duct: a dehumidifier unit of the re 
frigerating type including an evaporating 
cooling coil and a heat rejecting condenser 
constructed in two units connected in series, 
said coil and the first of said condenser units 
being located in said duct in the order stated 
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relatively to the direction of circulatory flow; 
means for directing hot gaseous refrigerant 
to said units in varying proportions; and 
thermostatic means controlling the last 
named means. 

5. The combination of a room; a ventilat 
ing duct leading from and back to the room; 
means for inducing a circulation through said 
duct; an air washer interposed in said duct; 

O 
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means for feeding water to said washer; 
refrigerating means arranged to cool said 
water and including a heat rejecting con 
denser having a portion only in said duct in 
heat exchanging relation with air leaving the 
washer; and means for varying the propor 
tion of hot gaseous refrigerant delivered to 
that portion of the condenser within the duct. 

6. The combination of a room; a ventilat 
ing duct leading from and back to the room; 
means for inducing a circulation through said 
duct; an-air washer interposed in said duct; 
means for feeding water to said washer; 
refrigerating means arranged to cool said 
water and including a heat rejecting con 
denser having a portion only in said duct in 
heat exchanging relation with air leaving the 
washer; means for varying the proportion of 
hot gaseous refrigerant.delivered to that por 
tion of the condenser within the duct; and 
thermostatic means controlling the last named 
eaS. 

7. The combination of a room; a ventilat 
ing duct leading from and back to the room; 
means for inducing a circulation through said . 
duct; an air washer interposed in said duct; 
means for feeding water to said washer; 
refrigerating means arranged to cool said 
water and including a condenser having a pre 

40 
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cooler portion in said ductin heat exchanging 
relation with air leaving the washer, and a 
main condensing portion not in such heat ex 
changing relation; and means for delivering 
hot gaseous refrigerant to the main condens 
ing portion in varying proportions both di 
rectly and indirectly through the pre-cooler 
portion. - 

8. The combination of a room; a ventilat 
ing duct leading from and back to the room; 
means for inducing a circulation through said 
duct; an air washer interposed in said duct; 
means for feeding water to said washer; 
refrigerating means arranged to cool said. 
water and including a condenser having a 
pre-cooler portion in said duct in heat ex 
changing relation with air leaving the washer, 
and a main condensing portion not in such 
heat exchanging relation; means for deliver. 
ing hot gaseous refrigerant to the main con 
densing portion in varying proportions both 
directly and indirectly through the pre-cooler 
portion; and thermostatic means controlling 
the last named means. . 

9. The combination of a room; a ventilat 
ing duct leading from and back to the room; 
means for inducing a circulation through said 
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duct; an air washer interposed in said duct; 
means for feeding water to said washer; 
refrigerating means arranged to cool said 
water and including a condenser having a pre 
cooler portion in said duct in heat exchanging 
relation with air leaving the washer, and a 
main condensing portion not in such heat ex 
changing relation; means interposed between 
the pre-cooler portion and the main portion 
to permit flow from the pre-cooler to the 
main portion and preclude back flow; and 
means for delivering hot gaseous refrigerant 
to the main condensing portion in varying 
proportions both directly and indirectly 
through the pre-cooler portion. 
In testimony whereof I have signed my 

name to this specification. 
THOMAS SHIPLEY 
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