
Jan. 16, 1940. J. FRANKENBERG . 2,187,492 
AIR CONDITIONING SYSTEM 

Filed July ill, l935 4. Sheets-Sheet 

2 
Y s. 2 
Z4. 
a 2 
, sta 2. , 92 

Eze 
L (N 
992 

; 
(5) 

WN 2 ? SE sy w 2 13-6, 2 Y SSNN.C. A RN ReN s\ % (YE If 3S 
Sties 39 B 

G NS s S f Zé () É W SSÉS 24 R2 YT s 

2. 72? 7? Ya Y 
s 5 f LZ 232 Q 2.É. SN 

t2SNN As a 14 
a A2.222 N M IIII 2 

Ozé4.5/22/242-2 Ay 
4. a ar 

2. 422 ozza es/s. 

  

  

  

  

  

  

    

    

  

  

    

  

  



2,187,492 

4. Sheets-Sheet 2 

44/ % 

J. FRANKENBERG 
AIR CONDITIONING SYSTEM 

Filed July ll, l935 

Jan. 16, 1940. 

SS 
% Y 

SN 
N N O 

CS 

N N. NS 
ZZZZZZZXZZZZZZZZZZZZZZZZZZZZZZZZZZZ2 

2 
Ap 

Ma 

Z22zzáe/2-4e 

4270-222e2/5. s 

Zzz-z-e 72/22. 

4./ 
  

  

  

  

  

  

  



Jan. 16, 1940. J. FRANKENBERG 2,187,492 
AIR CONDITONING SYSTEM 

Filed July ll, l935 4 Sheets-Sheet 3 
  



Jan. 16, 1940. J. FRANKENBERG 2,187,492 
AIR CONDITIONING SYSTEM 

1935 4. Sheets-Sheet 4 
2 

-Arts - - 

73 

| || 
: 
re-a==='l- - - - - - - - - - - - - - /zz-z/ezz/O2: 

2/? 2,2'-y 
%24/ 2 r ar -2s 4222222e2/s. 

    

  



Patented Jan. 16, 1940 2,187,492 

UNITED STATES PATENT OFFICE 
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AIR conDITIONING systEM 
Julius Frankenberg, Chicago, Ill; Lester Frank 

enberg, administrator of estate of Julius 
Frankenberg, deceased, assignor, by mesne as 
signments, to Lester Frankenberg 
Application July 11, 1935, serial No. 30,825 

5 claims. (CI. 62-136) 
This invention relates to air-conditioning sys 

tems, and involves improvements permitting the 
use of air as a refrigerant; it is also concerned 
with improvements in refrigerating machines of 
the rotary type. One object of the invention is . 
to provide an air-conditioning system which can 
be operated efficiently, with a minimum of at 
tention, and at, relatively low cost. Another ob 
ject is to provide an apparatus of this character 

) which can be manufactured economically in units 
of comparatively small capacity suitable, for ex 
ample, for installation in individual homes of 
moderate cost. The invention consists in certain 
features and elements of , construction in com 

5 bination, and in certain methods of operation, as 
herein described and as illustrated in the draw 
ings, and as indicated by the claims. . . ." 

In the drawings: ... Figure is mainly a vertical section showing 
O the rotary mechanism in which air is compressed 
and expanded, together with a combined inter 
cooler and dehydrator connected thereto, section 
being taken as to the rotary machine, substan 
tially as indicated at line. -- on Figure 2. 

5 : Figure 2 is a horizontal section through the 
rotary machine, as indicated at line 2-2 on Fig 

Figure. 3 is a detail section taken transversely 
of the rotary machine, as indicated at line 3-3 

O on Figure 1. : . . . 
Figure 4 is a transverse section taken as indi 

cated at line 4-4 on Figure 1. . . v 
Figure;5 is a transverse section taken as indi 

cated at line 5-5 on Figure 1. 
S. Fivure 6 is a transverse section taken as indi 

cated at the line 6-6 on Figure 1. Figure is a plan view of an air-conditioning 
plant embodying this invention. 

... Figure 8 is an end elevation of the same. 
Figure 9 is an elevation of the air-handling 

apparatus separated from the refrigerating unit, 
as indicated at line 99 on Figure 8. 
Figure 10 is a detailplan view of a check valve 

, indicated at line 0-0 on Figure 3. . 
5 Referring, first, to Figure 1, I have shown the housing, 20, of my rotary air-circulating mecha 

nism, in section, the section being taken for the 
most part midway between the parallel cylindri 
cal bores of the housing which may be seen at 2 

D. in Figure 3. Within each bore there is mounted 
a rotor, 22, having impellers, 23, which are cir 
cumferentially spaced apart, forming pockets, 24, 
and these pockets and impellers are dimensioned 
to inter-member as the rotors, 22, revolve in op 
posite directions and at equal speeds. Each rotor 

includes a shaft, 25, and a gear, 26, at one end of 
the shaft; the gears, 26, inter-meshing with each 
other, maintain the rotors in proper timed rela 
tion, so that their impellers and pockets shall 
inter-member properly. One of the shafts, 25, is 
provided with a coupling, 27, through which it 

' may be connected with any suitable power 
source, such as the electric motor indicated at 28. 

- in Figure 1. 
Intermediate their ends the rotors are each 

formed with two deep circumferential grooves, 
20 and 20, and sectional partitions, 30 and 3 , 
are fitted in these grooves respectively for divid 
ing the machine into three sections or stages. 
At opposite ends of the main casting which con 
tains the twin bores, 2, the casing is closed by 
headers, 20 and 20, containing bearings for the 
shafts, 25. The header, 200, forms a cavity which 
is closed by a cover plate, 34, forming an oil-tight 
chamber in which the gears, 26, are housed. It 
may be understood that instead of the simple 
plain bearings, shown in the header, 20c, I may 
provide any suitable form of self-oiling bearing 
which will not require frequent attention for en 
suring proper lubrication of the shafts. The 
rotors, 22, fit the bores, 2, with proper running 
clearance, and the partitions, 30 and 3f, are fitted 
somewhat more snugly in the bores of the hous 
ing, 20, but they are not otherwise secured there 
to. As seen in Figure 6, which is a section look 
sing toward one face of the partition, 3 f, this par 
tition consists of four parts, namely, two outer 
members, 3, and two inner members, 3b, the 
outer members and inner members contacting 

I with each other in pairs at vertical planes 
through the axes of the shafts, 25, and the two 
inner members, 3, contacting at a vertical plane 
midway between these axes. The outlines of the 
sections of the partition, 30, are similar to those 
just described, but, as seen in Figure 2, partition, 
31, is made 'somewhat thicker so as to accom 
modate a passage, 33, extending through it verti 
cally and midway between the axes of the two 
rotors. 

In each rotor, the impellers, 23, of the three 

spaces or pockets, 24, which are disposed circum 
ferentially between them. This makes for sim 
plicity, and convenience in manufacture, as does 
the arrangement of the three sections or stages 
of the machine in the two continuous parallel 
bores, 2, of the housing. The first stage or sec 
tion of the machine, which is that adjacent the 
gears, 26, functions as an air compressor and is 
formed with an intake port, 35, shown at the 
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at the lower side. 
is trapped in the pockets, 24, of the rotors, and 

upper side of the housing, 20, and the outlet, 36, 
Air entering at the inlet, 35, 

is passed around in these pockets to the outlet, 
36, where it is forced out by reason of the inter 
membering of the pockets of each rotor with the 
impeller portion, 23, of the other rotor. The 
air discharged by the compressor flows into a 
cooling and dehydrating unit, which comprises 
an outer cylindrical shell, 37, within which there 
is mounted a co-axially disposed helical coil of 
pipe or tubing, 38, whose terminals, 39 and 40, 
extend through suitable glands or stuffing boxes, 
4, in the heads, 42, of the shell, 37. Within the 
coil, 38, I mount an inner shell, 43, preferably of 
sheet metal, having a closed head, 44, at one end 
and a head, 45, at the other end which is not nec 
essarily closed but serves to support the cylin 
drical wall of the shell in proper form. Spacers, 
46, which may be short sections of structural, 
angle stock, are disposed at intervals circumfer 
entially of the shell, 43, to position it centrally 
within the coil, 38. 
The housing, 20, of the air-circulating mecha 

nism is supported upon the outer shell, 37, by 
means of suitable brackets, 48, and a hollow up 
standing boss, 49, which contains a passage, 50, 
leading from the outlet, 36, for discharging the 
'air into one end of the shell, 37. Preferably, a 
section of pipe, 5, extends from the passage, 50, 
to a point adjacent the axis of the cylindrical 
shell, 37, to ensure uniform distribution of the 
discharged air within the shell. The closed head, 
44, and inner shell, 43, confline the flow of air 
to the annular space between the shell, 43, and 
the shell, 37, in which space is located the coil, 
38. A cooling fluid is circulated through the coil, 
8, from its inlet at 39 to its outlet, 40, and for 
my purpose this cooling fluid may be water taken 
from the regular city mains and discharged di 
rectly to the sewer, unless some further use is to 
be made of it. As thus arranged, the inter-cooler 
is of the counter-current type, with the coldest 
water entering at 39, coming in contact with the 
partially-cooled air which has already given up 
some of its heat to the water in the coils nearer 
the end at which the air enters through the pipe, 
5. 
It will be understood that the shell, 37, is main 

tained under pressure so that as the air is cooled 
by contact with the coils, 38, its moisture will be 
precipitated and will drain to the bottom of the 
shell, 37, where a slump is provided at 52 with a 
drain connection, 53, which may lead to a suit 
able trap, not shown. The cooled air is conveyed 
from the shell, 37, through an outlet, 54, and pipe, 
55, to the intake port, 56, of the second stage or 
section of the air-circulating machine, which in 
cludes the portions of the rotors contained be 
tween the partitions, 30 and 3. From the inlet, 
56, the air is passed by the rotors to an outlet, 57, 
at the lower side of the housing, 20, where a pas 
Sage is provided at 58, connecting with the pas 
sage, 33, in the partition sections, 3 lb. This pas 
sage serves as a by-pass to lead the air to the 
inlet, 60, of the third stage or section of thema 
chine by way of a short passage, 59, formed in 
the upper side of the housing, 20, and communi 
cating with the upper end of the passage, 33. 
From the inlet, 60, the air is transferred by the 
rotation of the rotors, 22, to the outlet or ex 
haust port, 6, which discharges into a suitable 
pipe or conduit, 62. In the second and third 
stages or sections of the circulating machine the 
air is allowed to expand and to perform useful 

2,187,492 
work, its pressure being expended in the turning 
effort exerted on the rotors for moving them in 
the same direction in which they are rotated by 
the power of the motor, 28; thus, the motor power 
required to operate the first stage of the ma 
chine as a compressor is materially reduced by 
Virtue of the energy thus applied to the revolving 
shafts, 25. And in the performance of this work, 
and the expansion of the air occurring in con 
nection therewith, the temperature of the air is 
further lowered, so that it leaves the exhaust 
port, 6, at an extremely low temperature. 

Preferably, between the compressor stage and 
the inter-cooler unit housed in the shell, 37, I 
interpose a check valve, 65, which is shown as a 
Simple flat resilient member seating over the rec 
tangular margin of the port, 36, and adapted to 
flex away from the port in opening to an extent 
limited by an adjustable stop screw, 66, carried 
by a bridge, 6, extending over the port and ac 
commodated in the hollow boss, 49. The second 
stage or section of the air-circulating machine 
acts to control and time the flow of air from the 
inter-cooler to the third stage of the machine in 
which the final expansion takes place and thus 

0. 

15 

Operates to some extent in the nature of a valve 
between the compressor and its associated inter 
cooler and the expander unit of the machine. 

In addition to the air-refrigerating apparatus 
which has just been described, my air-condition ing system includes air-circulating means by 
which the cold air discharged from the refrig 
erating machine is permitted to absorb heat from 
a quantity of previously cleansed atmospheric air 
So that this air is cooled to the desired degree, 
and also dehydrated. For this purpose I provide 
a housing, 70, as seen in Figures:7, 8 and 9, and 
Within the housing I mount a blower, Ti, driven 
by a suitable motor, 72. At the upper portion the 
housing has an air intake at 73, furnished with 
a suitable filter medium, 74, through which air 
is drawn in by the blower, T , to be discharged 
into the lower portion of the housing at 75. Said 
lower portion includes a horizontally extended 
chamber, 76, within which is suspended a header, 
l, to which the pipe or conduit, 62, discharges 

the refrigerated air from the machine hereto 
fore described. Extending downwardly from the 
header, 77, are a number-of flat tubular flues, 8, 
each communicating with the header and dis 
charging downwardly into the lower portion of 
the chamber, 76. The atmospheric air drawn 
in through the filter, 74, and discharged into the 
chamber, 75, by the blower, 7 f, flows between 
these tubular flues, 78, and by reason of the low 
temperature of the air within them the atmos 
pheric air coming in contact with the outer walls 
of said flues is rapidly chilled, and precipitates 
Some of its moisture which collects in the bot 
tom of the chamber, 76, directly below the tubu 
lar flues, 78, where it may be confined by a baffle 
wall, 19, and from which it may discharge through 
a suitable outlet, 80. The ail thus cooled and 
dehydrated by contact with the flues, 78, is dis 
charged through the outlet, 8, to the room to 
be cooled, or into such confining and directing 
pipes and conduits as may be provided in any 
given installation. 
The cold air discharged from the lower ends 

of the flues, 78, is commingled with the atmos 
pheric air whose temperature has been lowered 
and flows with it through the outlet, 8 , this re 
frigerated air having been already dehydrated 
in the inter-cooler shell, 37, as previously de 
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2,187,492 
issuing from the flues, 78, is lower than the tem 
perature of the air flowing past the flues, an 
equalization of temperatures will take place rap 
idly when the two supplies of air are actually 
commingled in their outward flow through the 
discharge, opening, 8. 

Since the refrigerated air is to become a part 
of the air discharged at 8 it is desirable that it 
shall be properly filtered and cleansed before 
entering the compressor, and this is provided for 
by leading a pipe, 82, from the chamber, 75, into 
which filtered air is discharged by the blower, 
l, and extending this pipe, 82, into connection 
with a receiving chamber, 83, provided adjacent 
the air inlet, 35, of the compressor unit. The 
blower, l, will operate at a speed to maintain a 
slight pressure above atmospheric, and this will 
be sufficient to ensure the flow of a portion of the 
air delivered by the blower through the pipe, 82, 
for supplying clean air to the refrigerating unit, 
and securing maximum volumetric efficiency. 

In the air-circulating mechanism of the re 
frigerating unit the proper pressures are main 
tained by suitably proportioning the capacity of 
the compressor section to the capacities of the 
expander section and the intermediate section. 
The intermediate section of the machine com 
prising the portions of the rotors between par 
titions, 30 and 3, with inlet port, 56, and outlet 
port, 57, affords much less space for the air than 
that provided in the first or compressor stage of 
the machine. As a result, and also by virtue of 
the presence of the check valve, 65, at the dis 
charge outlet of the compressor, a pressure is 
built up in the shell, 37, of the inter-cooler until 
such pressure is sufficient to force the air through 
the intermediate section of the rotary machine as 
fast as it is furnished by the compressor. The 
capacity of the third stage or expander unit of 
the machine between partition, 3, and the head 
er, 20c, is considerably greater than that of the 
intermediate section, so that the compressed air 
released by the intermediate section to the third 
stage is allowed to expand rapidly in passing 
through this portion of the machine. This rapid 
expansion materially lowers the temperature of 
the air which has already been considerably re 
duced in the inter-cooler. At the same time, 
due to its pressure, it delivers a considerable 
torque to the rotors, and in this way a substan 
tial proportion of the driving power is recuper 
ated, with the result that the motor, 28, will con 
sume nuch less current than if this recuperative 
feature were not embodied in the machine. Thus, 
the intermediate section serves for controlling 
the compression and expansion of the air, as well 
as tinning its flow in relation to the rotation of 
the compressor and expander units. And all this 
is accomplished without cams or gears, or any 
other complicated moving parts, because the in 
termediate sections of the rotors are driven rigid 
ly in unison with the compressor and expander 
sections, and provide their own valve action as 
they traverse the ports, 56 and 57, through which 
the air enters and leaves this intermediate con 
trolling section of the machine. 

It may be noted that by virtue of the particu 
lar arrangement of the various units of the ap 
paratus, provision is made for collecting any 
moisture which may be precipitated, thus pre 
venting the moisture from being swept along in 
the air stream. The connection from the inter 
cooler to the expander is by way of pipe, 55, which 
leads steeply upward so that there shall be no 
tendency for the moisture precipitated in the 

3 
inter-cooler to be carried along with the air. Any 
moisture so entrained will rather tend to run 
back through the pipe, 55, and drain away in 
the inter-cooler. 

sion stage, and in this case the outlet is down 
ward to the pipe, 62, and, as seen in Fig. 8, this 
pipe is horizontal and then trends downwardly 
through, an elbow leading to the vertical tubes, 
78, which finally discharge downwardly into the 
moisture-collecting space in the bottom of the 
chamber, 76. Thus any moisture which may be 
precipitated in this final expansion stage will tend 
to be swept along downwardly in the air stream 
So as to flow into the collecting pan and Out. 
through the drain, 80, along with the moisture 
precipitated from the atmospheric air flowing 
from the blower for cooling contact with the 
passages, 78. 
While there is shown and described herein cer 

tain specific structure embodying the invention, 
it will be manifest to those skilled in the art that 
various modifications and re-arrangements of 
the parts may be made without departing from 
the spirit of the scope of the invention, and that 
the same is not limited to the particular form 
herein shown and described, except in so far as 
indicated by the appended claims. 

I claim: 
1. In an air-conditioning system an air com 

pressor, a heat exchanger to which the air is de 
livered under compression for lowering its tem 
perature, a motor device in which the cooled air 
from said heat exchanger is expanded and fur 
ther cooled by delivering mechanical work to 
assist in the operation of the compressor, a blow 
er arranged to receive atmospheric air, a cooling 
chamber into which said blower discharges, con 
duit means in said chamber through which the 
cold expanded air from the motor device, is con 
veyed in proximity to the air delivered by the 
blower for cooling the latter; a common outlet 
at which the air from the blower and the air from 
said conduit means are commingled, and an ad 
ditional outlet conveying a portion of the air 
discharged by the blower to the inlet of the con 
pressor, together with air-cleaning means asso 
ciated with the intake of the blower. 

2. In an air-conditioning system, an air com 
pressor, a heat exchanger to which the air is 
delivered under compression for lowering its tem 
perature, a motor device in which the cooled air 
from said heat exchanger is expanded and fur 
ther cooled by delivering mechanical work to as 
sist in the operation of the compressor, a blower 
arranged to receive atmospheric air, a cooling 
chamber into which said blower discharges, con 
duit means in said chamber through which the 
cold air from the motor device is . conveyed in 
proximity to the air delivered by the blower for 
cooling the latter, a common outlet at which the 
air from the blower and the air from said con 
duit means are commingled, and an additional 
outlet conveying a portion of the air discharged 
by the blower to the inlet of the compressor. 

3. In an air-conditioning system, a nair com 
preSSOr, a heat exchanger to which the air is de 
livered under compression for lowering its tem 
perature, means for collecting moisture precipi 
tated from the air in the heat exchanger, a motor 
device in which the cooled air from said heat ex 
changer is expanded and further cooled by de 
livering mechanical work to assist in the opera 
tion of the compressor, a blower arranged to re 
ceive atmospheric air, a cooling chamber into 

There may also be a tendency 
for moisture to precipitate in the final expan- . 
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4. 
which said blower discharges, conduit means in 
said chamber through which the cold air from the 
motor device is conveyed in proximity to the air 
delivered by the blower for cooling the latter, 

is means for collecting moisture precipitated from 
the cooled air delivered by the blower, a common 
outlet at which the air from the blower and the 
an additional outlet conveying a portion of the 

10 air discharged by the blower to the inlet of the 
compressor. ... - ... / 

4. In an air conditioning system, a rotary air 
compressor having a downwardly directed air out 
let, an intercooler disposed below the compressor 

15 and to which air is delivered through said out 
let, said intercooler including a conduit for cool 
ing fluid to absorb heat from said air and lower 
its temperature, and including means in its lower 
portion for collecting the moisture precipitated 

20 from said air as it is cooled, a rotary motor de 
vice, a conduit leading upwardly from said inter 
cooler thereto whereby the cooled air is expanded 
for delivering mechanical work and further re 
ducing its temperature, a blower arranged to re 

25 ceive atmospheric air, a cooling chamber into 

2,187,492 
said chamber and a connecting conduit leading 
thereto, in a generally downward direction fron 
said motor device for conveying the cold air from 
the latter into proximity to the air delivered by 
the blower for cooling the latter, said conduit 
means discharging downwardly through the 

the chamber into a space adapted for collecting mois air from said conduit means are commingled, and , ture precipitated from the air flowing either from 
said conduit means or from the blower, and a 
common outlet at which the air from the blower 
and the air from said conduit means are corn mingled for discharge. 

5. The air conditioning method which consists 
in compressing a quantity of air, cooling it under 
compression and precipitating moisture there 
from, then conveying the cooled air upwardly and 

O 

expanding it to further lower its temperature, 
and finally allowing said expanded cold air to flow 
downwardly into and through a heat exchanger. 
in proximity to a quantity of atmospheric air and 
to emerge from a downwardly open outlet where 
by the temperature of said atmospheric air is 
reduced and moisture is precipitated therefrom, 
and finally commingling the cooled air with the 
cooling air for discharge together. 

which said blower discharges, conduit means in Jjirts RANKENBERG. 
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