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PATENT office. 
CHARLES LÉONARD ARMAND MAURICE LEBLANC, OF PARIS, FRANCE, ASSIGNoa. To 

soCIÉTÉ ANONYME POUR L’EXPLOITATION DES PRooÉDÉs MAURICELEBLANC 
???KEBS, ?? PARIS, ??????. 

MACHINE FOR AND METHOD oE REERIGERATI??. 
Application filed September 22, 1921. Serial ??. 502,508. 

The invention relates to refrigerating ma 
chines and has particular relation to the 
type in which a gas, such as air, is first com pressed, causing it to rise in temperature, 

5 then circulated through a cooling device un 
der pressure in order to lower its tempera 
ture, then to expand the cooling gas to cause 
it to lower still further in temperature, and 
finally to circulate the gas through the re 

10 frigerator at a pressure substantially equal 
to the internal pressure of the refrigerator, 
from whence it is withdrawn and again 
subjected to the cycle of operations outlined 
above. 
One of the objects of the present inven 

tion is to provide a machine, of the character 
described, which embodies a double acting 
compressor and expander that will first com 
press a body of gas delivered thereto from 

20 a refrigerator, thereby causing its tempera 
ture to rise; then to subject the gas under 
pressure to the action of a cooler and at the 
same time replacing it by gas from the 
cooler which is under the same pressure but 

25 of a lower temperature; then expanding this 
cold gas to further reduce its temperature; 
then to deliver this latter body of cold gas 
to the refrigerator from which it originally 
issued and replacing it in the expander by 

30 the warm air displaced thereby in the re 
frigerator. 
Another object of the invention is to pro 

vide e a machine, of the class designated, 
which embodies an auxiliary compressor 

35 which is adapted to supplement, the volume 
of gas within the cooling device in order to 
compensate for the decrease in the volume 
thereof caused by the cooling action of 
said device. 

5 

40 

which is of light weight, relatively simple 
in construction and operation, and which 
may be operated with a relatively small ex 45 penditure of power. 
With such objects in view, as well as other 

advantages which may be incident to the 
use of the improvements, the invention con 
sists in the procedure and in the use of the 

50 parts and combinations thereof hereinafter 

A further object of the invention is to 
provide a machine of the class described 

set forth and claimed, with the understand 
ing that the Several necessary elements con 
stituting the same may be yaried in pro 
portions and arrangement without departing 
from the nature and scope of the invention." 
In order to make the invention more clear 

S5 

ly understood there are shown in the accom 
panying drawings means for carrying the 
same into practical effect, without limiting 
the improvements, in their useful applica 
tions, to the particular constructions which, 
for the purpose of explanation, have been 
made the subject of illustration. In the said 
drawings:- ', 

Fig.1 represents diagrammatically a re 
frigerating machine using air in accordance 
with the invention. 

Fig. 2 shows in transverse section one of 
the compression or expansion spaces or 
chambers of the main compressor. 

Fig. 3 is an end view as seen from right 
to left of the said compressor showing the 
control mechanism of the distribution valves 
of the said compressor. 

Fig. 4 is a vertical longitudinal section 
through the axis of the main compressor, 
showing the control mechanisms of the 
piston and the distribution valves. 

Fig. 5 is a horizontal longitudinal sec tion through the axis of the said compressor 
showing the same mechanisms. V 
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Fig.6 is a diagram showing the variation 
of the lift of the distribution values of the 
compressor in relation to the angle of rota 
tion v of the control shaft of the main COs 
pressor. . 

Fig. 7 shows the profile of the cam con 
trolling the alternating movement of the 
main compressor. , 

Fig. 8 is a diagram showing the variation 
of the differences of pressure supported by 
the piston of the main compressor as a func 
tion of its displacement, having for origin 
the mean position of the piston. 

Figs. 9 and 10 are transverse sections of 
the arrangement of piston stop in two dis 
tinct angular positions. 

Fig. 11 shows the profile of the cams con 
trolling the mechanism actuating the valve 
of the main compressor. 100 



O 

s 

20 

25 

36 

40 

In the following description the letters P 
W and T designate the pressure of the air, 
its specific volume and its absolute tempera 
ture. If these quantities have the values 
P., W, T, the air is said to be in the state 
P. W., T. 
According to the invention, for the pur 

pose of obtaining the described cycle of cir 
culation, there is illustrated a refrigerating 
machine which comprises in general, a cool 
ing device A, a refrigerator B, a main.com 
pressor and expander D, and an auxiliary 
compressor C, which latter is adapted to 
draw per kg. of gas describing the cycle, a 
volume V-V, at the pressure P from the 
refrigerator B and to transfer it to the 
cooling device A. The main compressor and 
expander D consists of a cylinder O which 
communicates at each end with chambers E 
and E'. An intermittently operable double 
acting piston P is mounted within the cyl 
inder O and is reciprocated by means of a 
piston rod which is in turn reciprocated by 
means of mechanism hereinafter to be de 
scribed. 
The piston P is provided with oppositely 

extending plungers P which are adapted to 
alternately enter the chambers E and E' to 

?? Yary the cubical contents thereof in the 
V, ratio 

Each of these chambers E and E’ is pro 
vided with four distributing valves which 
consist of slides or taps of suitable con 
struction. ? ??? 

The distributing valves of the chamber 
E are designated at a, a, b, b, and those 
of the chamber E' at a1, a, b, b. The 
distributing valves a and a communicate 
with the inlet of the cooler A through pipes 
1 and 2 respectively, and the distributing 
valves a and a20 with its outlet through 
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pipes 3 and 4. The distributing valves b, 
516 communicate with the inlet of the re 
frigerator B, through pipes 5 and 6 respec: 
tively, and the distributing valves b, b” 
with its outlet through pipes 7 and 8. 
All the distributing valves being closed 

the piston moves rapidly from one end of 
its stroke to the other and dwells there; as 
suming that such dwell occurs within the 
chamber E. 
At this moment the chamber E is full of 

air under pressure in the state P, W. T. P 
The chamber E is filled with relatively rare 
fied air in the state P. W. T. 
The distributing valves a, a, b, b” open 

quickly and remain open. 
Fans f, f, actuated by motors g, g” 

cause air currents which impel: (i) the air 
in the chamber E at pressure P, and tem 
perature T, sending it into the cooler and 
replacing it, in this chamber by air at pres 
sure P, but attemperature T, coming fron 
the cooler; (2) the air in the chamber E' 
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at pressure P, and temperatu?e T?? send 
ing it into the refrigerator and replacing 
it in this space by air at pressure P, but at 
typerature Ts arriving from the refrigera 
O - 

In replacing a volume of air at the tem 
perature T, by an equal volume of air at 
the temperature T the amount of air con 
???ined in the chamber E is multiplied by 

? 

T, 
air at temperature T, by an equal volume 
of air at temperature the amount of air contained in the chamber E is divided 

Similarly in replacing a volume of 

T by ?” Moreover, 
TT 
T** 

The result is that the main compressor 
ID forces a larger volume of air into the 
cooler than is returned to the compressor 
therefrom, but the volume of air thus lost 
will be supplemented in the refrigerator by 
the auxiliary compressor C which will re 
turn it into the cooler. . . 
Once the impelling is effected, the open 

distributing valves a, a, b0 and b2.0 are 
rapidly closed whereupon the piston moves 
quickly to the other end of its stroke where 
it also dwells within the chamber E'. It 
is now the distributing valves b, b°, a 1, 
and a which open. 
The diagram given by a Watt's indicator 

taken on one face of the piston of the main 
compressor D is reduced to a simple adia 
batic line (P, V. T-P, V: T), succes sively traversed in opposite directions. Its 
area will then be nil. 
The compressor C requires no description 

since it possesses no particular features and 
may consist of any ordinary compressor. 
As regards the main compressor D, in 

order to make it function, its inherent re 
sistances must be overcome and the fans 
operated. 

It will be seen from the following that 
these inherent resistances are all naturally 
much reduced by reason of the operation 
itself. It may be said with high approxi 
mation that the work absorbed thereby is 
proportional at each instant to the work 
imparted to or taken from the air by the 
iston. . 
But the apparatus being double-acting the 

difference of the pressures supported by the 
piston will change sign when the latter 
reaches the middle of its stroke. In the 
first part it will take up a quantity of work 
which it wil restore to the air during the 
second half. 
The main compressor D may be of a 

variety of forms but the following is recom 
mended:- 
To facilitate the impelling a square sec 
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tre line Oz and of radii R and R + A, are 
drawn, each subtending an angle equal to 

??) 

These two arcs are joined at their extremi 
ties ? means of curves having the equation 

ar co-ordinates 
p = R + A (1 — ??? ??). 

The centres of the two rollers l and l” 
should follow the circuit constituted by the 
two circular arcs and their connecting 

• CLWeS. 
Let r be the radius of these rollers: if from 

numerous points of these circuits taken as 
centers, arcs of radius r are described, their 
boundary will be the profile to be given to the 
Ca 
The distance of the axes of the two rollers 

being constant and equal to 2R-Atheir 
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differences of pressure. 
45 

50 

curves of the above diagram, a curve is ob. 

bearings may be carried on a single frame 
MM (Figs. 4 and 5) fixed to the piston rod. 
This frame will be rigidly connected to 

rods N N (Figs, 4 and 5) which are engaged 
in fixed slides PP, by which they will be guided. 
The friction of the piston rings and the 

extent of leaking by are proportional to the 
diameter of the piston while the volume 
which it displaces is proportional to its 
Square. " . . 

.. It will therefore be advisable for generat 
ing a given volume to give a very large di: 
ameter and a small stroke to the piston. 
This is what has been done. This presents 
no inconvenience in practice, the undesir 
able space being relatively large and the 
cam being so much the easier to operate as 
the stroke of the piston is smaller. 

But with this arrangement considerable 
effort will be exerted on the piston by the 

There is no need 
for it to result in an increase in the inherent 
resistances of the machine. 

Reverting to a diagram which consists of 
two adiabatic lines symmetrically disposed 
with respect to the ordinate passing through 
their centre, it is proved that the difference 
of their ordinates is proportional at each 
instant to the difference of pressure support 
ed by the piston. ? 
If a curve is drawn taking for y the dif 

ferences of these ordinates and for at the dis 
tances of these ordinates to the centre of the 

tained (Fig. 8) which may be compared 

- tinder these conditions, supposing the is 

very approximately with a line passing 
through the origin of the co-ordinates. The 
circumstances are such as if the pistons were 
urged by a spring towards their middle po 
sitions. . . 

ton first to be maintained at one end of its 
stroke and then released, the difference, pf 

would go of itself to the other end of its 
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inetic energy to it and subsequently stop it. 
If it did not have to overcome friction it 

which it supports will first impart 

stroke, during the time of which the path 70 
which it will have traversed will be a sinu 
soidal function of time of the form 

Ao (-cos) 
of which 9 is the time which it takes to go 
from one end to the other of its stroke. 
In acting either upon the speed of rota 

tion N (in revolutions per second) of the. 
compressor D. or upon E. mass of the pis 
ton, the factor n, or finally on the pressure 
P of the air, the condition 

75 

is produced. . 
Under these conditions, the cam will only 

make the piston follow in its course, impart 
ing to it only the work necessary, for over 
coming the friction of the rings and the 90 
stuffing box, without the difference of pres 
sure supported by the piston intervening. 

But it will be the rollers 7 and l? which 
will maintain the piston motionless and they 
will then have to support the force developed 
on the piston. They will act strongly as a 

95 

brake upon the cam. 

caused to rest against a fixed stop during 
practically the whole time at which it is at 
rest, this being as follows: - 
The several valves are operated in proper 

ly timed relation by means of a disk E. The 
required oscillation movement will be com 
municated to the disc II by means of two 
cams, such as that represented by W in 
Fig. 11, displaced 180 with respect to one 
another and disposed like the cams L. upon 
the shafts of the motor but on the other 
sides of the bearings X and X; the rollers 
W, and V, are applied to said cams and are 
disposed at the extremities of levers pivoted 
about - the fixed points Y, and Y. The 
other extremities of these levers act upon 
the disc through the intermediary of rods 
Z Z furnished with ball joints. The roller 
pressed by one cam operates the system and 
maintains at the same time the other roller 
in contact with its cam. 
The cams in rotating impart an oscilla 

tory movement to the disc I. They will be 
timed with respect to the cam L. so that 
this movement will have the desired phase. 
Let krbe the angle through which the 

disc II (Fig. 3) turns to right or left for 
actuating, the valves. . . . 
Upon the piston rod is arranged a dog Q 

having teeth Fig. 4, 5, 9 and 10. This 130 

In order to avoid ?????????? the piston is 
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dog S into which the dog 
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disc carries an interiorly toothed hollow 
can be received 

as shown in Figs. 4, 5, 9 and 10. The two 
dogs Q and S are thus disposed with their 
teeth in mesh when the disc I is in its inter 
mediate position and all the valves are shut. 
The rod may then move freely and the pis 
ton can move from one end of its stroke to 

10 
the other. e 

When the piston reaches one end of its 
stroke the dog Q moves beyond the dog S 

ls 
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to one side or the other by a very small 
amount (Figs. 4 and 5). 
The disc I then turns in one direction or 

the other by ? of a revolution. The dog 
S thus rotates through part of a sooth space 
and if the dog Q is released its teeth will 
come into engagement with the other teeth 
which it cannot pass, (Fig. 10). 
The cam L. has only to hold the piston 

still during the operation of the valves, 
namely during a time ? As shown in 
Fig. 4 the cam is recessed from t to u. 
After the disc I has opened the valves, the 
cam will recede from that of the two rollers 

and l which will be pressed against it 
and the dog Q will come to rest on the dog 
S. The moment before the closure of the 
valve the cam will lift said roller and liber 
ate the disc I. 
The machine thus constituted will have a 

very good performance because the work 
which it has to produce, that is the work 
successively imparted to and taken from the 
air, is much smaller than in the old machine 
using air and also because a special machine 
is available for its production wherein all 
the inherent resistances are reduced to a 
minimum. 
At the same time it is much lighter and 

less cumbersome than the old machines, its 
:::; displace only the volume V-V per 
g. of air describing the cycle instead of hav 

ing to displace the volume V-V. 
The air cooler may be omitted by closing 

the cycle of the machine through the at 
mosphere, as may sometimes be advan 
tageous. This arrangement will be particu 
larly appropriate for lowering a tempera 
ture above zero by thermometer as there will 
be no fear of the formation of snow in the 
machine and no need to take special precau 
tions for removing it. V 
In general, it will be preferable to supply 

always the same quantity of air forming the 
cycle through a refrigerator. Thus not 
only is one no longer concerned with snow 
but a higher pressure can be given to the 
air and other conditions being equal, the 
power of the machine will be proportional 
to the pressure P. Furthermore, the power 
of the heat, exchangers (cooler, and refrig 
erator) will also increase with the pres 

. 

sure P. Very light machines which are 
also not very cumbersome in respect to their 
power are thus available. 
As will be well understood, the machine lends itself to the same applications as all 

refrigeration machines using ammonia, sul 
phurous acid, etc. 

It will be understood that all the arrange 
ments which have been described by way of . 
example in no way limit the invention and 
that modifications may be introduced with 
out departing from the scope of the inven 
tion. - 

What I claim is:- 
1. A method of refrigerating which con 

sists in compressing a body of gas of rela 
tively high temperature received from a 
refrigerator to effect a still further rise in 
the temperature thereof, circulating the gas 
under pressure through a cooling device, by 

??, 

80 

causing its displacement by a second body 
of gas at the same pressure and at a lower 
temperature received from said cooling de 
vice, expanding the second body of gas to 
cause a further lowering in the temperature 00 
thereof, delivering said second body of gas to the refrigerator by causing its displace 
ment by a third body of gas received from . 
the refrigerator, compressing the third body 
of gas, circulating the same through the 
cnoling device by causing its displacement 
by means of the first mentioned body of gas 
received from said cooling device, expand 
ing said first mentioned body of gas to cause 
a further lowering of the temperature there 
of, and circulating said first mentioned body 
of gas relatively cold through said refrigera 
tor by causing its displacement by said sec 
ond body of gas received from said refriger 
ator. 

2. A method of refrigerating which con 
sists in compressing a volume of gas, cooling 
the gas while under compression, expanding 
the cooled gas so as to cause a further de 
crease in the temperature thereof, delivering 
said expanded gas to a refrigerator, remov 
ing the gas from the refrigerator andre peating said cycle of operations, deducting 
gas from the evaporator and adding it to 
the cooled compressed gas to prevent gas 
from accumulating in said refrigerator. 

3. A refrigerating machine comprising a 
refrigerator, a cooling device associated 

- therewith, a compressor and expander, asso 
ciated with said refrigerator and said cool 
ing device, means for establishing communi 
cation between said refrigerator and said 
compressor and expander, means for estab 
lishing communication between said com 
pressor and expander and said cooling de 
vice, impelling means for causing the circu 
lation of a cooling medium through said ele 
ments, valve mechanism disposed in each of 
said communicating means, and means for 
actuating said valve mechanism in timed re 
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lation with respect to the operation of said 
compressor and expander to permit said im 
pelling means to first deliver gas at a rela 
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tively low temperature to said compressor 
and expander to be compressed thereby, then 
to be circulated through said cooler, then to 
be expanded by said compressor and ex 
pander and finally to be delivered to said 
refrigerator. . 

4. A refrigerating machine comprising a 
refrigerator, a cooling device associated 
therewith, a compressor and expander, asso 
ciated with said refrigerator and said cool 
ing device, means for establishing communit 
cation between said refrigerator and said 
compressor and expander, means for estab 
lishing communication between said con 
pressor and expander and said cooling de 
vice, impelling means for causing the cir: 
culation of a cooling medium through said 
elements, valve mechanism disposed in each 
of said communicating means, means for. 
actuating said valve mechanisms in timed 
relation with respect to the operation of said 
compressor and expander to permit said im 
pelling means to first deliver gas at a rela tively low temperature to said compressor 
and expander, to be compressed thereby, 
then. to be circulated through said cooler, 
then to be expanded by said compressor and 
expander and finally to be delivered to said 
refrigerator, and means for deducting a 
predetermined amount of gas from said 
refrigerator and delivering it to said cooling 
device. . . . . 

5. A refrigerating machine comprising a 
refrigerator, a cooling device associated 
therewith, a compressor and expander, asso 
ciated with said refrigerator and said cool 

0 ing device, means for establishing communi 
cation between said refrigerator and said 
compressor and expander, means for, estab 

45 
lishing communication between said com pressor and expander and said cooling de 
vice, impelling means for causing the cir 
culation of a cooling medium through said 
elements, valve mechanism disposed in each 
of said communicating means, means for 

..., 50 actuating said valve mechanisms in timed relation with respect to the operation of said 
compressor and ex bander to permit said im 
pelling means to first deliver gas at a rela tively low temperature to said compressor 

55 
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frigerator. . . 

and expander to be compressed thereby, 
then to be circulated through said cooler, 
then to be expanded by said compressor and 
expander and finally to be delivered to said 
refrigerator, and an auxiliary compressor 
for supplementing the mass of gas in said 
cooling device by gas taken from said re 

6. A process for accomplishing refrigera 
tion by means of a gas such as air, which consists in compressing the air, in cooling 
it, in effecting the expansion of the air and 

1584,882 

thereby cooling it in impellin 
ed cold air, E, is ? for the pro 
duction of cold, by air at the same pressure 
which has given up its cold, in compressing 
to the initial pressure the said air which has 

this expand 

O 
given up its cold and has just been ex-. 
changed, and then, after compression, in im 
pelling the said air by air at the same pres 
sure which has given up its heat, in com 
pressing the excess of air which has given up 
its cold in order to bring it back to the 
initial pressure, and in recommencing the 
cycle of operations. . 

7. In an apparatus for accomplishing ri 
frigeration by means of air, an air cooler, 
a refrigerator, a main compressor having a 
piston adapted to reciprocate therein so as 
to compress air on one side thereof to the 
pressure prevailing in the air cooler and to 
simultaneously expand the air on the other 
side thereof to the pressure prevailing in 
the refrigerator, communicating means be 
tween said air cooler and said compressor 
on each side of said piston, communicating 
means between said refrigerator and said 
compressor on each side of said piston, 
means for opening and closing said com 
municating means, means for impelling 

80 
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compressed air from said compressor by air 
at the same pressure from said air cooler 
and means for simultaneously impelling ex 
panded air from said compressor by air at 
the same pressure from said refrigerator. 

8. In an apparatus for accomplishing re 
frigeration by means of air, an air cooler, 
a refrigerator, a main compressor having a 
piston adapted to reciprocate therein so as 
to compress air on one side thereof. to the 
pressure prevailing in the air cooler and to 
simultaneously expand air on the other side 
thereof to the pressure prevailing in the re 
frigerator, communicating means between 
said air cooler and said compressor on each 
'side of said piston, communicating means 
between said refrigerator and said com 
pressor on each side of said piston, means 
for opening and closing said communicating 
means, means for impelling compressed air 
from said compressor by air at the same 
pressure from said cooler, means for simuli 
taneously impelling expanded air from said 
compressor by air at the same pressure from 
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said refrigerator and an auxiliary compres 
sor adapted to withdraw excess. air from 
said refrigerator and transfer it to said 
cooler. " 

20 

9. In an apparatus for accomplishing re 
frigeration by means of air, an air cooler, a 
refrigerator, a main compressor having a 
piston adapted to reciprocate therein so as 
to compress air on one side thereof to the 
pressure prevailing in the air cooler and to 
simultaneously expand the air on the other. 
side thereof to the pressure prevailing, in 
the refrigerator, communicating means be 
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tween said air cooler and said compressor 
on each side of said piston, communicating 
means between said refrigerator and said 
compressor on each side of said piston, 
means for opening and closing Said commu 
nicating means, a fan for impelling com 
pressed air from said compressor by air at 
the same pressure from said air cooler, a 
second fan for simultaneously impelling ex 
panded air from said compressor by air at 
the same pressure from said refrigerator 
and an auxiliary compressor adapted to 
withdraw excess air from said refrigerator 
and transfer it to said cooler. 

10. In an apparatus for accomplishing re 
frigeration by means of air, an air cooler, a 
refrigerator, a main compressor having a 
rectangular air space at each side thereof, 
a piston in said compressor adapted to re 
ciprocate so as to compress air in one of 
said spaces to the pressure prevailing in the 
air cooler and to simultaneously expand air 
in the other of said spaces to the pressure 
prevailing in the refrigerator, communicat 
ing means between said air cooler and each 
of Said spaces including valves disposed 
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upon opposite sides of said spaces, commu 
nicating means between said refrigerator 
and each of said spaces including valves 
disposed upon opposite sides of said spaces 
and means for operating said valves in 
timed relation to the reciprocations of said 
piston. V 

11. In an apparatus for accomplishing 
refrigeration by means of air, a main com 
pressor having a piston adapted to recipro 
cate therein so as to compress air on one 
side thereof and to simultaneously expand 
the air on the other side thereof, a driving 
shaft having a cam for reciprocating said 
piston so formed as to permit a natural 
movement of said piston under the impulse 
of pressure exerted by the compressed air 

17 

on one side thereof and positive means for 
causing said piston to dwell at each end of its reciprocation. 

12. In an apparatus for accomplishing 
refrigeration by means of air, a main com 
pressor having a piston adapted to recipro 
cate therein so as to compress air on one 
side thereof and to simultaneously expand 
air on the other side thereof, a driving shaft 
having a cam for reciprocating said piston 
so formed as to permit a natural movement 
of said piston under the impulse of pressure 
exerted by the compressed air on one side 
thereof, a toothed dog connected to said pis 
ton so as to reciprocate therewith an annu 
lar toothed dog surrounding. said first dog 
and means for relatively rotating said dogs 
at each end of the reciprocation of said pis 
ton so as to prevent relative movement be 
tween said dogs and cause said piston to 
dwell at each end of its reciprocation. 

13. In an apparatus for accomplishing 
refrigeration by means of air, a main com 
pressor having a piston adapted to recip 
rocate therein so as to compress air on one 
side thereof and to simultaneously expand 
air on the other side thereof, a driving shaft 
having a cam for reciprocating said piston 
so formed as to permit a natural movement 
of said piston under the impulse of pres 
sure exerted by the compressed air on one 
side thereof, a toothed dog connected to 
said piston so as to reciprocate therewith, 
an annular toothed dog surrounding said 
first dog and means for rotating said an 
nular dog at each end of the reciprocation 
of said piston so as to prevent relative, 
movement between said dogs and cause said 
piston to dwell at each end of its recipro 
cation. 
In testimony whereof I have signed this specification. 
CHARLES LÉONARD ARMAND MAURICELEBLANC. 
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