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parts and portions throughout the several views 
12 Claims. 

My invention relates to air cooling devices, and 
the objects of my invention are: 8 . 
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First, to provide an air cooling device of the air 
expansion type which is particularly dependable 
under the most adverse operating conditions, 
such as excessive vibration and extreme variation 
in temperature as Well as lack of attention or 
skilled operation; 
Second, to provide an air. cooling device which 

is particularly Suited for conditioning the air in 
enclosed vehicles; 
Third, to provide a device of this means which 

eliminates the formation of ice or frost upon 
the expanding of the air, and the attendant dif 
ficulty of sticking valves, etc.; 

Fourth, to provide an air cooling device where 
in the temperature of the air is not reduced below 
freezing temperature, yet is so arranged that the 
compressor displacement and heat radiator may 
be relatively small as compared to the expander, 
thus providing an air cooling device which is par 
ticularly compact of construction; 

Fifth, to provide an air cooling device which 
incorporates a particularly simple and novel 
means of controlling the cooling capacity of the 
device without requiring a change in the speed 
of operation, thus enabling the device to be driven 
at a constant speed while the capacity is varied 
according to requirements; 

Sixth, to provide on the whole a novelly con 
structed air cooling device which is particularly 
simple and economical of manufacture, efficient 
in its action, and which will not readily deterio 
rate, or get out of order. 
With these and other objects in view as Will 

appear hereinafter, my invention consists of cer 
tain novel features of construction, combination, 
and arrangement of parts and portions as will 
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be hereinafter described in detail and particular 
ly set forth in the appended claims, reference be 
ing had to the accompanying drawings and to 
the characters of reference thereon which form 
a part of this application, in which: 

Figure 1 is alongitudinal Sectional view of my 
air cooling device with parts and portions in 
elevation, and with the heat radiator shown Sub 
stantially diagrammatically; Fig. 2 is an en 
larged transverse sectional view through 2-2 of 
Fig. 1: Fig. 3 is a fragmentary enlarged sectional 
view throu'rch 3-3 of Fig. 1, showing particularly 
the capacity control mechanism; Fig. 4 is a frag 
mentary sectional view through 4-4 of Fig. 3; 
and Fig. 5 is a similar sectional view through 5-5 
of Fig. 3. 

Similar characters of reference refer to similar 
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of the drawings. 
Compressor cylinder block , expander cylinder. 

block 2, bearings 3, crank shaft 4, connecting rods 
5, compressor pistons 6, connecting rods 1, ex 
pander cylinders 8, intake manifold 9, intake 
valves 0, cap , pipe 2, radiator 3, pipe 4, ex 
haust manifold 5, exhaust valves 6, rocker arms 
7, lift rods 8 and 9, exhaust valve control cams 

20, levers 2, intake control cams 22, levers 23, 
slide rod 24, link 25, crank 26, control shaft 27, 
relief air intake manifold 29, and check valve 30, 
constitute the principal parts and portions of my 
air cooling device. 
A compressor cylinder block and the expander 

cylinder block 2 are provided. These cylinder 
blocks may be cast integral and in tandem. The 
compressor cylinder block comprises a crank 
case portion a and a pair of cylinders b extend 
ing outwardly therefrom. The cylinders b may 20 
be arranged as a single unit, as shown in Fig. 1. 
The expander cylinder block 2 comprises a COrle 
sponding crank case portion 2a and a pair of 
spaced apart outwardly extending cylinders 2b. 
The cylinder blocks f and 2 support by means 25 

of their crank case portion a and 2d a plurality 
of bearings 3 arranged in axial alinement which 
support a crank shaft 4 adapted to be driven by 
any suitable means. Opposite the compressor 
cylinder block the crank shaft 4 is provided 30 
With two throws 4a. These throws are joined by 
means of connecting rods 5 to a pair of compreSSOr 
pistons 6 mounted in the cylinder formed in the 
compressor cylinder block . 
Opposite each of the cylinders in the expander 35 

cylinder block 2 the crank shaft is provided with 
a throw 4tb which is joined by means of a con 
necting rod T to an expander piston 8 mounted 
in the corresponding cylinders 2b. 
The upper ends of the expander cylinder .2b é0 

are connected by an intake manifold 9 which 
bridges the space therebetween. The intake 
manifold 9 is provided with a pair of passages 
9a, which intersect the upper side of the intake 
manifold in adjacent relation and extends each 
way therefrom to their respective cylinders 2b. 
At their adjacent extremities the intake paSSages 
9a are provided with valve seats which are con 
trolled by intake valves to. The valves to are 
enclosed in a cap connected by a pipe 2 with 
a radiator 3 at its outlet end. The inlet of the 
radiator 3 is connected by a pipe 4 with the 
exhaust portion of the compressor. Said Con 
pressor is provided with conventional intake and 55 

  



O 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

2 
exhaust portions, not shown, of any suitable de 
S. 
The cylinder block 2 is provided Over each cyl 

inder 2a with an exhaust port 2c which com 
municates with an exhaust manifold 5. The 
exhaust ports 2c are controlled by exhaust valves 
6 having upwardly directed stems 6a which 

protrude beyond the cylinder and are connected 
through rocker arms 7 to lift rods 8 which ex 
tend downwardly and into the crank case por 
tion 2a of the cylinder block 2. 
The intake valves 0 are provided with down 

Wardly extending stems Oa which are joined to 
lift rods 9. These rods likewise extend into the 
crank case. 
The several lift rods are disposed between the 

two throws 4b of the crank shaft 4. Below each 
lift rod 8 associated with the exhaust valve 6 
is an exhaust valve' control cam 20. Each can 
20 operates a cam follower or roller 2a support 
ed from a lever 2 which in turn is journaled 
at one end by means of a bracket 2d extending 
from the side wall of the crank case 2a, as shown 
in Fig. 3. The lower end of each lift rod 8 en 
gages the corresponding lever 2 so as to be op 
erated by the corresponding cam 20. 

Between the two exhaust valve control cams 20 
there is mounted a pair of intake control cams. 22. 
Arranged over each intake control can. 22 is a 
lever 23 which is provided with a cam roller 23a. 
thereunder adapted to engage the corresponding 
intake control cam 22. The two levers 23 ex 
tend laterally and rearwardly from the crank 
shaft in the same direction as the levers 2, and 
are secured to a slide rod 24 arranged with its 
axis parallel to that of the crank shaft 4. The 
slide rod 24 is journaled in the bracket bearing 
2d rearwardly of the connection between these 
brackets and the levers 2. At one end the slide 
rod 24 is joined through a link 25 to a crank 26 
which is operated by a controlling shaft 27 pro 
truding through the crank case as shown best 
in Figs. 3 and 5. 
The two levers 23 are engaged by the lower 

ends of the push rods or lift rods 9 associated 
With the intake valve 6. These levers by action 
of the slide rod 24 are adapted to be shifted, and 
their can rollers shifted therewith axially across 
the faces of the intake control cans 22. Each 
Of the intake control cans 22 is provided With a 
raised portion 22a. . The leading or lifting wall 
designated 22b of the raised portion 22d. extends 
axially With respect to the can while the trailing 
side thereof designated 22c curves arcuately so 
that the width of the raised portion increases 
towards one extremity of the cam. With this 
arrangement operation of the slide rod 24 so as to 
move the levers 23 across the faces of the cam 22 
increases or decreases the interval during which 
the intake valves are open, thus controlling the 
pressure of the air admitted from the radiator 
3 and pipe 2 into the expander cylinders. The 
two intake control cams operate their respective 
intake valves in similar manner and are prefer 
ably arranged so that the valves at all times lift 
when the corresponding piston 8 reaches the up 
per extremity of its stroke, the intake valves be-, 
ing, closed at various intervals during the intake 
stroke of the piston 8. - 

Each cylinder 2b is provided in a side wall 
with a ring of air relief ports 2e which are adapt 
ed to be uncovered when the piston 8 has moved 
approximately half. of its intake stroke. Sur 
rounding each cylinder 2b so as to cover the ports 
2e is a relief air intake manifold 29 in the forms 
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of an annulus. At some portion in its periphery 
the intake manifold 29 is provided with an in 
take opening 29a controlled by a check valve 30. 
Operation of my air cooling device is as follows: 

Air is compressed by the compressor and delivered 5 
to the radiator 3 where it is cooled to approxi 
mately normal temperature. Each of the intake 
valves O opens when its corresponding piston 8 
reaches its upper position allowing a Small quan 
tity of the compressed air to enter the expanding () 
cylinder. The corresponding piston 8 moves. 
downwardly and expands the air within the cyl 
inder until the pressure is reduced approximate 
ly to atmospheric pressure, this condition ob 
taining when the piston is approximately oppo- 15 
site the air relief ports 2e. The reduction in 
preSSure causes a reduction in temperature until 
at the time the ports 2e are uncovered, the tem 
perature is considerably below freezing. Con 
tinued movement of the piston draws in addi- 20 
tional air which is at normal pressure and tem 
perature through the ports 2e, manifold 29, and 
check valve 30. The additional air melts what 
ever SnOW or ice has formed, and raises the tem 
perature of the initially expanded air as well as 25 
increases the quantity of the resulting body of 
cooled air. On the Subsequent upward movement 
of the piston the exhaust valve 6 opens so that 
the air may be discharged through the exhaust 
manifold 5 associated therewith. The cams 20 30 
are so arranged that the corresponding exhaust 
valves are open during the entire upward strokes 
Of the piston. 
By shifting the levers 22 in one direction or 

the other, the duration of time that the intake 35 
valves can remain open is varied, and therefore 
the quantity of compressed cooled air admitted to 
the expansion chamber is varied. The smaller the 
quantity of compressed air introduced, the greater 
its expansion and the lower its temperature; 40 
hence, the cooling capacity varies inversely with 
the quantity of compressed air introduced, maxi 
mum cooling action being obtained when the 
quantity of compressed air is Smallest and mini 
mum cooling action being obtained when the 45 
quantity of compressed air is largest. This varia 
tion in cooling capacity is independent of the 
rate of operation of the compressor and expander. 
Though I have shown and described a particu 

lar construction, combination, and arrangement 50 
of parts and portions, I do not wish to be limited . 
to this particular construction, combination, and 
arrangement, but desire to include in the scope 
of my invention the construction, combination, 
and arrangement Substantially as set forth in 55 
the appended claims. 

Having thus described my invention, what I 
claim as new and desire to secure by Letters Pat 
ent is: 

1. In an air cooling device where there is an 60 
air compressor, and means for cooling air dis 
charged from said compressor, the combina 
tion with said air compressor and cooling means 
of an expander arranged to receive air from said 
cooling means, and an instrumentality for intro- 65 
ducing air at normal pressure and temperature 
into Said expander during the expanding action 
thereof whereby the initially received compressed 
and cooled air absorbs heat from said subsequent 
ly introduced air and the resulting temperature is 70 
maintained above freezing. 

2. In an air cooling device wherein there is 
mechanism for compassing and cooling air 
whereby its pressure is above atmospheric and 
its temperature is normal, the combination with 75 
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Said compressing and cooling mechanism of means 
for expanding the air whereby the temperature 
tends to fall below a predetermined critical point, 
and an arrangement for introducing air at nor 
mal pressure and temperature into said expanded 
air whereby the resulting temperature is main 
tained above said critical point. 

3. In an air cooling device wherein there is 
mechanism for compressing the cooling air where 
by its pressure is above atmospheric and its tem 
perature is normal, the combination with said 
compressing and cooling mechanism of an ex 
pander including a cylinder and piston therefor 
arranged to receive metered quantities of com 
pressed air from said mechanism and expand the 
Same until the temperature tends to fall below 
freezing, and air relief means associated with 
said cylinder for introducing air therein at nor 
mal pressure and temperature to counteract ex 
cessive cooling of the air undergoing expansion. 

4. In an air cooling device wherein there is 
mechanism for compressing and cooling air 
whereby its pressure is above atmospheric and 
its temperature is normal, the combination with 
said compressing and cooling mechanism of an 
expander including a cylinder and piston there 
for arranged to receive metered quantities of 
compressed air from said mechanism and expand 
the same until the temperature tends to fall be 
low freezing, and air relief means associated with 
said cylinder for introducing air therein at nor 
mal pressure and temperature to counteract ex 
cessive cooling of the air undergoing expansion, 
and means for regulating the quantity of com 
pressed air metered into said cylinder and con 
sequently the resulting temperature. 

5. In an air cooling device wherein there is 
mechanism for compressing and cooling air 
whereby its pressure is above atmospheric and 
its temperature is normal, the combination with 
Said compressing and cooling mechanism of an 
expander including, a cylinder, a piston, an in 
take valve connected with said mechanism, and 
variable means for controlling the open period 
of said intake valve, and air relief means associ 
ated with said cylinder for introducing air there 
in at normal pressure and temperature to coun 
teract excessive Cooling of the air undergoing 
expansion. 

6. In an air cooling device wherein there is 
mechanism for compressing arid cooling air 
whereby its pressure is above atmospheric and 
its temperature is normal, the combination with 
said compressing and cooling mechanism of an 
expander including a cylinder and piston there 
for arranged to receive metered quantities of 
compressed air from said mechanism and expand . 
the same until the temperature tends to fall 
below freezing, said cylinder having air relief 
ports in its side walls adapted to be uncovered 
by said piston during its expanding stroke, and 
one way valve means for controlling said air re 
lief ports and connecting the same with a source 
of air at normal temperature and pressure where 
by said air relief ports admit such air to said 
cylinder for raising the temperature of the re 
sulting air mixture above freezing. 

7. In an air cooling device wherein there is 
mechanism for compressing and cooling air 
whereby its pressure is above atmospheric and 
its temperature is normal, the combination with 
said compressing and cooling mechanism of an 
expander including a cylinder and piston there 
for arranged to receive metered quantities of 
compressed air from said mechanism and expand 

S. 
the same until the temperature tends to fall 
below freezing, said cylinder having air relief 
ports in its side walls adapted to be uncovered by 
said piston during its expanding stroke, and one 
way valve means for controlling said air relief 5 
ports and connecting the same with a source of 
air at normal temperature and pressure whereby 
said air relief ports admit such air to said cyl 
inder for raising the temperature of the resulting 
air mixture above freezing, and means for regu- 10 
lating the quantity of compressed air metered 
into said cylinder and consequently the resulting 
temperature. , 

8. In an air cooling device wherein there is 
mechanism for compressing and cooling airls 
whereby its pressure is above atmospheric and 
its temperature is normal, the combination with 
Said compressing and cooling mechanism of an 
expander, including, a cylinder, a piston, an in 
take valve connected with said mechanism, and 20 
variable means for controlling the open period 
of said intake valve, said cylinder having air re 
lief ports in its side walls adapted to be uncov 
ered by said piston during its expanding stroke, 
and one way valve means for controlling said air 25 
relief ports and connecting the same with a source 
of air at normal temperature and pressure where 
by said air relief ports admit such air to said cyl 
inder for raising the temperature of the result 
ing air mixture above freezing. 30 

9. In an air cooling device wherein there is 
an air compressor, the combination with said air 
compressor, of an air expander connected there 
with, both including pistons and cylinders and a 
common crank shaft therefor, an air cooling ra- 85 
diator interposed between said air compressor and 
expander, and means associated with said air 
expander for introducing air at normal tempera 
ture and pressure therein to mix with air from 
said radiator whereby the added air is cooled. 40 

10. In an air cooling device wherein there is 
an air compressor, the combination with said air 
compressor, of an expander having a displace 
ment greater than said compressor and connected 
so as to receive air therefrom common means 45 
for operating said compressor and expander, an 
air cooling radiator interposed between said air 
compressor and expander, means for introducing 
air into said expander at normal temperature 
and pressure upon expanding of the compressed 50 
air therein to approximately normal pressure 
whereby further action of Said expander mixes 
the expanded air and introduced air and causes 
a resulting temperature above that of the ex 
panded air and below that of the introduced air. 55 

11. In an air cooling device wherein there is 
an air compressor, the combination with said 
air compressor of an expander having a displace 
ment greater than said compressor and connected 
so as to receive air therefrom common means for 60 
operating said compressor and expander, an air 
cooling radiator interposed between said air com 
pressor and expander, means for introducing air 
into said expander at normal temperature and 
pressure upon expanding of the compressed air 65 
thereinto approximately normal pressure whereby 
further action of said expander mixes the ex 
panded air and introduced air and causes a re 
sulting temperature above that of the expanded 
air and below that of the introduced air, intake 70 
valves for controlling the admission of com 
pressed air to said expander, and means for vary- . 
ing the open.periods of said intake valves and 
thereby control the quantity of compressed air 
introduced and resulting temperature. . . 75 

.33. 

  



4. 
2. Erh an air cooling device wherein there is 

a multi-cylindered air compressor, the combina 
tion with said multi-cylindered air compressor of 
a multi-cylindered expander, means interposed 
betwee: Said compressor and expander for cool 
ing the air fron said compressor to normal tem 
perature, a driving. means common to said con 
preSSO and expander, intake valves and exhaust 
Valves for said expander, and means interposed 
between said intake valves and said driving means 
for varying the open periods of said intake valves 
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and consequently the quantity of compressed air 
admitted to said expander, and means associated 
with the cylinders of said expander and operative 
upon partial action of said expander to connect 
said cylinders with a source of air at atmospheric 
temperature and pressure, whereby continued 
action of said expander introduces such air there 
in to counteract excessive cooling of the expand 
ing air. 
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