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To all whom it may concern: 
Be it known that I, RUDOLPH WUILLEU 

MIER, a citizen of the United States, and a 
resident of New Rochelle, in the county of 
Westchester and State of New York, have in 
vented an improvement in Methods of and 
Apparatus for Heat Differentiation, of 
which the following is a specification. 
This invention relates to thermodynamic 

apparatus, and with regard to certain more 
specific features, to apparatus adapted for 
mechanical cooling or heating or for effect 
ing simultaneously a cooling and a heating 
operation. This application is a division 
of my application, Serial No. 838,475, filed 
May 14, 1914, which has matured into Patent 
No. 1,321,343. 
One of the objects of the invention is to 

provide efficient and practical refrigerating 
means which shall be economical in con 
sumption of power and readily adaptable to 
the liquefaction of air and other gases. An 
other object is to provide inexpensive and 
reliable refrigerating apparatus in which the 
energy abstracted in cooling the heated por 
tions is made useful, as for heating purposes. 
Another object is to provide a durable and 
simple heating device of high thermal effi 
ciency. Another object is to provide com 
mercially practical apparatus in which the 
heat-content of the working fluid is caused 
to be unequally distributed and the portions 
of respectively increased and decreased heat 
content separated before the heat-content 
has resumed its former condition of distri 
bution throughout the fluid. Another object 
is to provide refrigerating apparatus of 
simple construction in which losses of the 
magnitude encountered in apparatus hither 
to devised are largely eliminated. Other ob 
jects will be in part obvious and in part 
pointed out hereinafter. - 
In the accompanying, drawings, wherein 

are shown diagrammatically one or more 
of various possible embodiments of the sev 
eral features of the invention, together with 
such explanatory diagrams as will facilitate 
an understanding of the same, 

Figure 1 illustrates, by way of prelimi 
nary explanation, an apparatus in which 
certain of the events in the cycle of oper 
ations of the apparatus may be effected. 

Figure 2 illustrates in diagrammatic 
form a differentiator, a self-intensifying re 
generator associated therewith, and certain 

Divided and this application filed September 
Serial No. 327,413. & 

elements for effecting the desired sequence 
of events. 

Similar reference characters refer to simi 
lar parts throughout both views of the draw 
lings. 
As conducive to a clearer understanding 

of the several features of the invention here 
inafter described, it may be stated that there 
has long been an insistent demand for re 
liable and inexpensive refrigerating appara 
tus for the attainment of low temperatures, 
Such as that of liquid air, as well as for work 
requiring higher but still sub-normal tem 
peratures. In ice machines for example, the 
energy efficiency is remarkably low com 
pared to many other classes of apparatus, al 
though there is at the present time no par 
ticular difficulty in operating with the com 
paratively small temperature range required 
for such work. But as lower temperatures 
are demanded, the energy efficiency of pres 
ent-day apparatus is far less even than in 
ice-making machines and the apparatus is 
more complicated, more expensive and less 
available for work outside a laboratory. For 
the still lower temperatures required in the 
liquefaction of gases such as air, oxygen, 
nitrogen and hydrogen, the low efficiency 
and the complication of the apparatus now 
in the market has made impracticable any 
extensive use or inexpensive manufacture 
of the products of such machines. In the 
present invention, as exemplified in the ap 
paratus herein described, there is shown a 
type of machine differing from those here 
tofore available not only in its simplicity 
and high efficiency, but in its mode of oper 
ation. 
According to the present embodiment of 

this invention, apparatus is provided for 
utilizing periodically a quantity of fluid, 
altering the conditions in this fluid in such 
a way as to increase the heat-content of por 
tions and decrease the heat-content of other 
portions, and then before an appreciable 
amount of this heat differentiation has been 
neutralized, as by convection and radiation 
between the heated and cooled portions, the 
two portions are separated from each other, 
the heated portion giving up its heat later 
in one part of the apparatus while in an 
other part the cooled portion of the fluid is 
available for use in whatever way it may 
be needed. The apparatus therefore com 
prises what may be termed a “heat dif 
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ferentiator” to distinguish it from the va- p 
rious types of apparatus operating on other 
thermodynamic cycles. The prior art is re 
plete with embodiments of such cycles in 
volving usually the conversion of heat en 
ergy into work, or vice versa, with the in 
herent loss of power and complication of 
apparatus attendant upon such conversion. 
In apparatus made according to the present 
invention, the working fluid itself is sep 
arated into a heated part and a cooled part, 
and the two parts put to whatever use may 
be required of them. While much, if not 
all of the apparatus herein illustrated or 
described, may be operated with any suit 
able fluid, the working fluid will be in gen- . 
eral a gas. 

Referring now more particularly to the 
accompanying drawings, there is illustrated 
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diagrammatically in Figure 1 an apparatus 
exemplifying by way of introduction cer 
tain of the principles of the present inven 
tion. In this figure there is illustrated at 
1 a chamber or cylinder, preferably of fixed 
dimension, provided with an inlet pipe 2 
and an outlet pipe 3. The inlet pipe 2 leads 
from a source 4 of gas which is maintained 
at constant pressure by means not shown. 
The admission of fluid from the source 4 to 
the chamber 1 may be regulated by opening 
and closing the inlet valve 5 in the iniet pipe 
2. Gas that is in the chamber 1 may be dis 
charged into the atmosphere through the 
outlet pipe 3, under the control of a suitable 
outlet valve 6. Assume now merely for 
purposes of illustration that the value of the 
pressure maintained constant in the source 
4 is ten atmospheres, that the inlet and out 
let valves 5, 6, are both closed, with the fluid 
in the chamber at atmospheric pressure, and 
all parts of the apparatus as well as the sup 
ply gas and chamber gas at a room temper 
ature of 60° F. If now the inlet valve 5 
be opened, the gas from the source 4 will 
pass through the inlet pipe 2 into the cham 
ber 1 until the chamber pressure has 
reached ten atmospheres. In the act of en 
trance, however, the gas initially contained 
in the chamber at atmospheric pressure 
and room temperature will be forced up 
wardly (Figure 1) toward the end 7 of the 
chamber, farthest from the inlet end 8 and 
will at the same time be compressed from 
one to ten atmospheres and will be corre 
spondingly heated, though naturally after 
sufficient time has elapsed for the radiation 
and convection of heat from this gas to the 
walls of the chamber 1 and to the other gas 
in the chamber this heated portion at the 
far end of the chamber would be cooled to 
the temperature of the adjacent chamber 
Walls and of the remaining gas in the cham 
ber. For the moment, however, this initial 
chamber gas, now compressed at the far end 
of the chamber, will be hot. Likewise any 
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art of the gas which enters the chamber 
with the exception of the very last will be 
compressed after it enters the chamber 
from the pressure prevailing in the chamber 
at the moment of its entrance up to the final 
pressure of ten atmospheres, and each por 
tion of the air will be heated to an extent 
corresponding to the magnitude of this com 
pression within the chamber. The first gas 
to enter the chamber through the inlet valve 
5 will, of course, expand to the initial cham 
ber pressure of one atmosphere, and then 
as it is pushed toward the far end of the 
chamber by the succeeding portions of inlet 
air, it will undergo an after-compression of 
one to ten atmospheres, which is the same as 
the extent of compression of the original 
chamber gas. The next portion of inlet gas 
will find the chamber pressure something 
above one atmosphere due to the presence in 
the chamber of the preceding portion of in 
let gas in addition to the initial chamber 
gas, and the after-compression of this sec 
ond portion of inlet gas will be something 
less than nine atmospheres; likewise, each 
succeeding portion of inlet gas will undergo 
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an after-compression of progressively de 
creasing magnitude until, when the last 
portion of inlet gas to reach the chamber 
finds the chamber pressure up to its maxi 
mum value of ten atmospheres, no after 
compression will be experienced, and the 
admission of gas to the chamber will cease 
whether the inlet valve 5 be then closed or 
not. It is apparent, therefore, that the fill 
ing of the chamber produces in the initial 
chamber gas a rise in temperature. and that 
each portion of the inlet gas to reach the 
chamber experiences a progressively de 
creasing rise in temperature, the tempera 
ture rise of the last portion of inlet gas be 
ing zero. Disregarding for the moment the 
mixing of the gas inside the chamber due to 
eddy currents or convection currents, and 
the heat-conducting action of the chamber 
walls, the gas temperature in the chamber 
at the completion of the inflow varies from 
room temperature at the inlet end 8 to a 
theoretical value at the far end expressed 
by the equation 

1. P, 29 T-T() 
in which T and T, are the initial and final 
absolute temperatures, and P and P, the ini 
tial and final absolute pressure. With an ini 
tial temperature of 60° F., corresponding to 
an absolute temperature of 519 F. and an 
initial and final pressure of one and ten at 
mospheres, respectively, at the far end of 
the chamber, it is found that the final tem 
perature at the far end will be approximate 
iy 1012° absolute, or 553° F, giving a 
range of temperature along the chamber 
of 553°-60°=493° F. Now if immediately 
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upon the completion of the inflow the inlet 
valve 5 be closed, and the outlet valve 6 be 
opened, and the gas contained in the cham 
ber under a pressure of ten atmospheres be 
discharged through the outlet pipe 3 into 
the atmosphere, it will be found that in 
spite of the heated condition of practically 
all of the chamber gas, only gas of the 
original temperature of 60° F. would be 
emitted through the outlet valve, because 
all parts of the chamber gas leave the cham 
ber under the same pressure at which they 
entered it. For example, a gas portion that 
entered the chamber when the chamber 
pressure had attained two atmospheres ex 
perienced an after-compression of 10-2=8 
atmospheres, and was pushed by the suc 
ceeding inlet gas portions approximately 

of the distance to the far end of the 
chamber, since the gas extending through 
out the whole chamber at two atmospheres 
pressure was gradually pushed toward the 
far end as the pressure rose, until it could 
only extend of the distance from the far 
end 7 toward the near end 8 when the cham 
ber pressure had attained ten atmospheres, 
now as the discharge progresses this selected 
gas portion will be permitted to travel 
gradually toward the inlet end (toward the 
bottom in Figure 1) and it will reach the 
inlet end when the chamber pressure has 
dropped to two atmospheres, since by hy 
pothesis there are always two volumes of 
gas portions between the selected gas por 
tion and the far end 7 of the chamber. From 
this it will be clear that each gas portion 
undergoes within the chamber an expansion 
equal to its compression therein; so that the 
temperature rise of each gas portion effected 
by the compression is balanced by an equal 
temperature drop of that gas portion due to 
expansion, neglecting losses. Since all of 
the gas passing through the single outlet 
valve 6 is at room temperature, a modifica 
tion of the apparatus is necessary in order 
that practical use may be made of the un 
equal distribution of heat through the cham 
ber-gas immediately at the close of the inlet 
event. 

Referring now to Figure 2 for an embodi 
ment of such a modification, and more par 
ticularly an embodiment of certain features 
illustrated in Figure 8 of my Patent No. 
1,321,343 above mentioned, we have as before 
a chamber 1 provided with a constant-pres 
sure source 4 of gas that may be admitted to 
the chamber through the inlet pipe 2 and 
inlet valve 36, but in this case the outlet 
pipe 3 and outlet valve 10 are placed at the 
end 7 of the chamber farthest removed from 
the inlet end 8. A second inlet valve 35 is 
provided, and will be described later herein. 
Assume for the moment that there is but 
the one inlet valve 36, and that after inflow 
therethrough has been completed and the 
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chamber-gas is at ten atmospheres pressure, 
- that the gas temperature is highest at the far 
end, as previously outlined in connection 
with Figure 1. If now, before equalization 
has taken place in the chamber-gas, the out 
let valve 10 at the far or upper end 7 of the 
chamber be opened, and the pressure in the 
chamber released after the inlet valve 36 is 
closed, it will be found that at first gas of 
a much higher temperature than room tem 
perature will leave through the outlet valve. 
This temperature, however, gradually di 
minishes until when the pressure inside the 
chamber is reduced to about one-half maxi 
num, the temperature of the issuing gas has 
fallen to room temperature and continues 
to fall until the chamber pressure has been 
reduced to atmospheric, when a considerably 
lower temperature than the original tem 
perature is reached. In other words, a dif 
ferentiation or unbalancing of the heat-con 
tent of the gas portions has taken place; and 
from an initial supply of ten volumes of gas 
at room temperature, there is obtained about 
five volumes of warmer gas and about five 
volumes of cooler gas, the increase in heat 
content of the warm gas equaling the de 
crease in heat-content of the cool gas. 
When operating under the assumed pres 

sure and initial temperature condition, the 
gas undergoing this temperature differentia 
tion is changed theoretically from a uni 
formly distributed temperature of 60° F. 
to an unevenly distributed temperature, 
varying from minus 1939 F. to plus 550° F. 
Furthermore, as indicated above, the quan 
tity of heat which the gas contains after this 
temperature differentiation has been neither 
increased nor diminished, but is equal to 
the heat quantity which it originally con 
tained, the heat having simply been forced 
to assume an uneven distribution. In other 
Words, the operation is preferably substan 
tially adiabatic. The above is on the as 
sumption that the gas follows the laws of 
Marriotte and Guy-Lussac, and, as is well 
known, gases that are liquefied on a com 
mercial scale, depart somewhat from the 
characteristics prescribed by these laws. 
When air, for instance, is the gas used, 
slightly lower temperatures have been ob 
served, of the magnitude of F. per atmos 
phere pressure-difference between the com 
pressed and expanded air. 

It will be observed that in order to ob 
tain a temperature differentiation the gas 
which issues hot issues preferably at an exit 
pressure higher than its inlet pressure: In 
other words, the compression within the 
chamber of such gas portions during the in 
flow is preferably greater than the expan 
sion occurring within the chamber during 
the hot-outflow. On the other hand, the gas 
which issues cool issues preferably at a 
pressure less than the inlet pressure of the 
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gas, in which case there is ordinarily an af 
ter-compression of smaller magnitude than 
the after-expansion. In other words, the 
temperature differentiation depends upon the 
pressure difference with which the respec 
tive parts enter and leave the chamber. The 
greater these differences, the greater will 
theoretically be the temperature differences. 

It follows, therefore, that with the appa 
ratus of Figure 1, where the exit pressure of 
each gas portion is neither greater nor less 
than its inlet pressure, the temperature dif 
ferentiation will be practically Zero, while 
with the modification illustrated in Figure 
2, where the gas having been subjected in 
the chamber to the greatest compression un 
dergoes the least expansion, and vice versa, 
the temperature ranges attainable are theo 
retically a maximum. 

In order to utilize this range of tempera 
tures, and to reduce the losses that would at 
tend the use of the outlet 10 as the outlet for 
all of the chamber gas, said outlet 10 is used 
only as the outlet for the hot gas, while the 
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5 cold exit 35 is located adjacent the opposite 
or inlet end 8 of the chamber 1, so that no 
part of the chamber walls will be alternately subjected to high and low temperatures with 
the attendant loss of efficiency through heat 
absorption. 
In this apparatus, the inlet valve 36 is 

opened and closed at appropriate intervals 
by one of the cams illustrated conventionally 
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as mounted on the shaft 16. The hot out 
5 let valve 10 is similarly controlled. It will 

be seen that with this arrangement the 
heat-content of the hot-outlet gas may be 
used for heating or other purposes by pass 
ing the hot gas through a heat-utilizing de 
vice illustrated conventionally at 14, while 
the cold outlet gas in the pipe 12 is passed 
upwardly through a regenerator 39 to serve 
there for the purpose of extracting heat from 
contiguous substances and to become itself 
liquefied when the apparatus has been in op 
eration long enough. - 
The issuing hot gas is exhausted into the 

atmosphere, according to the embodiment 
illustrated in Figure 2, without saving What 
ever useful energy the gas may have in the 
form of pressure. A considerable economy 
may be effected by saving the pressure in 
this gas since the average pressure in the 
hot system is not far from half the maximum 
pressure prevailing in the chamber at the 
close of the inflow. Suitable means, not 
shown, may be provided for utilizing this 
pressure, or the heat-utilizing device 14 may 
be adapted for using the pressure as well as 
the temperature of this hot outlet gas. Simi 
larly, the cold-utilizing device 18 may, if 
desired, be so constructed as to make use of 
the pressure as well as the low temperature 
of the cold-outlet gas. 

Referring now to Figure 2 as it is actu 
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ally operated, as distinguished from the pre 
liminary explanation above, there is shown 
at 1 a differentiator chamber provided with 
the cam-operated valves 10, 35, 36, 37, 38, 
and associated there with a regenerator 39. 
through which pass alternately, in opposite 
directions, the cold-outlet gas from the 
valve 35 and part of the inlet gas from the 
constant-pressure source 4. The remainder 
of the inlet gas reaches the differentiating 
chamber 1 through the cam-operated valve 
36. The hot-outlet gas through the valve 
10 and the cold-outlet gas through the valve 
35 both exhaust into the atmosphere, so that 
this apparatus may be termed an open-sys 
tem arrangement as distinguished from a 
closed hot-system arrangement or a com 
pletely closed system as are certain of the 
embodiments illustrated in the parent appli 
cation above noted. 
The cycle of operations is a follows: As 

sume atmospheric pressure and normal tem 
perature throughout, and all the valves 
closed. The cycle of operations begins with 
the first inflow during which the cam-oper 
ated valve 36 at the near or inlet end 8 of 
the differentiating chamber 1 is opened to 
admit air from the constant-pressure source 
4. When the chamber-pressure reaches ap 
proximately half its maximum value (this 
fraction may be varied within wide limits) 
the valve 36 closes and during the next suc 
ceeding part of the cycle, which may for 
convenience be termed the second inflow, the 
valves 38, 35 are opened to admit air from 
the constant-pressure source 4, downward 
through the regenerator 39 to the chamber 
1, raising the chamber-pressure to maximum. 
The cam mechanism now serves to close the 
valves 38, 35 and simultaneously to open the 
hot-outlet valve 10, and during the ensuing 
hot-outflow of the cycle, the hot air at the 
upper or far end 7 of the chamber escapes 
to the atmosphere until this gas, of progres 
sively decreasing temperature as in the pre 
vious types of apparatus, reaches approxi 

80 

85 

O) 

110 

mately normal temperature simultaneously , 
with the drop of chamber-pressure to half 
maximum or thereabouts. Then the cold 
outflow takes place upon the closing of the 
valve 10 and opening of the valves 35, 37, 
permitting the cold air from the near 
or inlet end 8 of the differentiating cham 
ber to pass upward through the regenerator 
to the atmosphere. This completes the 
cycle. 

It will be noted that now instead of hav 
ing all parts of the apparatus at room-tem 
perature, the lowermost part of the regen 
erator has a temperature somewhat lower 
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than before owing to the fact that during 
the cold outflow the cold gas passed first 
through this lowermost section of the re 
generator, and, naturally, abstracted heat 
from the Walls thereof, in its passage up 30 
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ward to an atmospheric exhaust at 37. It 
will be seen therefore that at the beginning 
of the second cycle the upper end of the re 
generator is approximately at room tem 
perature, as before, while throughout the 
rest of the regenerator there is a progres 
sively decreasing temperature reaching a 
minimum at the lower end 40. During the 
first inflow of the second cycle the air ad 
mitted through the valve 36 enters the cham 
ber at room temperature and during the 
second inflow is pushed with a piston-like 
action toward the far or hot end 7 of the 
chamber by the entrance of inlet air which 
has passed downward through the regen. 
erator on its way to the near end 8 of the 
chamber. Remembering now that the re 
generator is progressively cooler toward the 
bottom, it will be seen that the air admitted 
during the second inflow is progressively 
cooled as it passes downward through the 
regenerator and that it enters the differen 
tiating chamber at a temperature below 
normal. Since this air that is thus admitted 
is the air that issues during the cold-outflow, 
the importance of having it precooled will 
be appreciated; for by virtue of this pre 
cooling, this air issung during the cold-out 
flow of the second cycle is colder than the 
air issuing during the cold-outflow of the 
first cycle, because it was pre-cooled, while 
the corresponding air of the first cycle was 
not pre-cooled. This means that the regen 
erator temperature will be lower, and that 
during the second inflow of the third cycle 
the incoming air will be pre-cooled to a 
greater extent; from this it follows that the 
temperature of the air during the next cold 
outflow will be lower, the regenerator cooled 
further, and finally as the regenerator be 
comes colder with each succeeding cycle of 
operations, a temperature at the coldest por 
tion of the regenerator is reached that is 
sufficiently low for the liquefaction of air 
or for the particular purpose in hand, what 
ever it may be. By arranging the appa 
ratus as above described so that the coldest 
section of the regenerator is at the bottom, 
the collection there of liquefied gas is facili 
tated and this liquefied product of the ap 
paratus may be withdrawn through the 
valve 34. This self-intensifying action is 
augmented by having the regenerator op 
erate with the hot and cold gases flowing in 
opposite directions. 
The term “regenerator’ mentioned above 

is employed herein to identify the heat-stor 
ing and -transferring devices referred to 
herein. This term has been adopted from 
the art of pre-heating furnace gases. The 
regenerator 39, for example, may comprise 
a chamber filled with substance such as shot 
or other material capable of taking up heat 
during the passage therethrough of rela 
tively warmer gas, and giving of heat dur 
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ing the passage therethrough of relatively 
cooler gas. In this device the warm and cool 
gases pass through the regenerator alter 
nately and in opposite directions. A recu 
perator, on the other hand, as described in 
connection with the parent application above 
noted, operates somewhat differently and 
comprises a chamber having two separate 
conduits for the relatively warm and cool 
gases, with the intervening space occupied 
by a substance capable of transferring the 
heat from the warmer to the cooler gas. 
From the above description, taken in con 

nection with the accompanying drawings, it 
will be seen that there is provided a num 
ber of types of apparatus adapted to fulfill 
the present-day engineering requirements of 
efficiency in cost and operation, and that by 
means of these illustrated embodiments of 
the invention the enumerated objects of the 
invention are attained and other advantages 
secured. 
As many changes could be made in the 

above construction and many apparently 
widely different embodiments of this inven 
tion could be made without departing from 
the scope thereof, it is intended that all 
matter contained in the above description or 
shown in the accompanying drawings shall 
be interpreted as illustrative and not in a 
limiting sense. 
I claim: 
1. Apparatus of the character described, 

comprising, in combination, a chamber, a re 
generator, a source of fluid, means for ad 
mitting fluid from said source through said 
regenerator into said chamber, means for 
admitting fluid directly from said source 
into said chamber, means for abstracting 
fluid from said chamber, and means for ab 
stracting the remaining fluid from said 
chamber through said regenerator. 

2. Apparatus of the character described, 
comprising, in combination, a chamber, a 
regenerator, a source of fluid, means for ad 
mitting fluid. from said source through one 
section of said regenerator to said chamber, 
means for admitting fluid from said source 
directly to said chamber, means for abstract 
ing portions of the fluid from said chamber, 
and means for abstracting the remainder of 
said fluid from said chamber, said remainder 
being caused to pass through another section 
of said regenerator. 

3. Apparatus of the character described, 
comprising, in combination, a chamber, a 
regenerator, a constant-pressure source of 
fluid, means for admitting during each cycle 
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fluid from said source through said regen 
erator into said chamber at one end thereof, means for thereupon abstracting fluid from 
the other end of said chamber, and means 
for thereafter abstracting the remaining 
fluid from the first-named end of said cham ber through said regenerator, said remain 
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ing fluid passing through said regenerator 
in a direction opposite to the direction of 
travel of the inlet fluid therethrough. 

4. Apparatus of the character described, 
comprising, in combination, a chamber, a 
regenerator, a constant-pressure source of 
fluid, means for admitting during each cycle 
fluid from said source through said regen 
erator into said chamber at one end thereof, 
means for thereupon admitting fluid directly 
from said source into said chamber at the 
same end thereof, means for thereupon ab 
stracting fluid from the other end of said 
chamber, means for thereafter abstracting 
the remaining fluid from the first-named end 
of said chamber through said regenerator, 
said remaining fluid passing through said 
regenerator in a direction opposite to the 
direction of travel of the inlet fluid there 
through, and means for withdrawing at will 
the liquefied fluid from said regenerator. 

5. Apparatus of the character described, 
comprising, in combination, means for dis 
turbing the heat-content distribution in a 
fluid substantially adiabatically, means for 
separating the portion of increased heat 
content from the remainder of the fluid, a 
regenerator, and means for passing the re 
mainder of the fluid from said first means 
through said regenerator, whereby said re 
mainder becomes progressively colder. 

6. Apparatus of the character described, 
comprising, in combination, a chamber, a 
source of fluid, means for admitting fluid 
from said source to said chamber, means for 
exhausting from the chamber such portions 
of the fluid as may be caused to abstract 
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from said chamber more heat than said por 
tions had upon entering the said chamber, 
and means for thereupon emitting from said 
chamber through a self-intensifying regen 
erator such portions as may be caused to 
abstract from the chamber less heat than th 
said portions had upon entering. - . 

7. Apparatus of the character described, 
comprising in combination, means for un 

50 

balancing the heat-content distribution in a 
fluid substantially adiabatically, means for 
separating prior to the equalization of the 
unbalanced heat-content, the fluid portion of 
increased heat-content from the remainder 
of the fluid, a regenerator, and means for 
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decreased heat-content. 
55 

passing therethrough the fluid portion of 

8. Apparatus of the character described, 
comprising, in combination, a source of com 
pressed fluid, heating means for said fluid 
comprising a device in which said fluid acts 
as a piston, a regenerator associated with 
said device, and means for passing fluid 
from said source through said regenerator 
to be cooled thereby and to said heating 
e8.S. 

9. Apparatus of the character described, 
comprising in combination, a source of com 
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pressed fluid, heating means for said fluid 
comprising a device in which said fluid acts 
as a piston, a regenerator associated with 
said device, means for 
the fluid admitted to said chamber through 
said regenerator to be cooled thereby, and 
means for passing a portion of the fluid dis 
charged from said chamber through said re 
generator at a lower temperature than the 
entering fluid. . 

10. Apparatus of the character described, 
comprising in combination, a source of com 
pressed fluid, a container for fluid, an in 
let and an outlet adjacent opposite ends of 
the container, a regenerator, an opening ad 
jacent the same end of the container as the 
inlet and adapted for use as an outlet as 
well as an inlet, a connection between said 
opening and said regenerator, a connection 
between said inlet and said source of com 
pressed fluid, and means adapted to open in 
succession said inlet to admit fluid from said 
source, said opening to admit fluid from 
said regenerator, said outlet to emit fluid, 
and said opening to emit fluid to the re 
generator. 

11. Apparatus of the character described, 
comprising in combination, a container for 
fluid, an inlet and an outlet adjacent oppo 
site ends of the container, a regenerator, 
a connection between the regenerator and 
the inlet end of the container, and means 
adapted to open in succession said inlet to 
admit fluid, said connection to admit fluid 
from the regenerator, said outlet to emit 
fluid, and said connection to emit fluid to 
the regenerator. 

12. In apparatus for utilizing fluids, 
means for causing differentiation of heat 
content in different parts of an integral 
body of fluid, so that one part thereof is 
heated and another part thereof is cooled, 
and means for segregating the hot and cold 
portions thereof, a regenerator, and means 
for passing part of the initial fluid through 
the regenerator and for passing said cold 
portion of the fluid through said regener 
ator. 

13. In apparatus for obtaining extra-nor 
mal temperatures, means to effect, in re 
curring cycles, sequential substantially 
adiabatic compression and expansion of suc 
cessive predetermined volumes of a homo 
geneous gas, a self-intensifying regenerator 
for progressively cooling a gas and means 
connecting said regenerator to said first 
mentioned means adapted to pass said gas 
through said regenerator prior to compres 
sion and expansion by said means. 

14. In apparatus for obtaining extra-nor 
mal temperatures, in combination, a cham 
ber of fixed volume adapted for passage 
therethrough of a compressed gas, means to 
effect such passage, in cycles, with sequential 
Substantially adiabatic compression and ex 
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pansion in said chamber of each, periodic 
charge of gas, a self-intensifying regener 
ator for progressively cooling a gas and 
means for passing said gas through said 
regenerator prior to its passage through said 
chamber. - N 

15. The herein set forth method which 
includes compressing and expanding, in re 
curring sequence and substantially adiabati 
cally, Successive, substantially constant vol 
umes of a fluid, and in utilizing cooled por 
tions of the fluid to pre-cool a portion of 
the succeeding fluid to be compressed and 
expanded. r 

16. The method of obtaining sub-normal 
temperature, which includes, in recurring 
cycles, compressing and expanding gas in 
confinement, separating a predetermined 
portion which has undergone greater ex 
pansion than compression during such con 
finement, and in utilizing, said separated 
portion to pre-cool a portion of succeeding 
gas to be compressed and expanded. 

17. The herein described method which 
includes, in recurring cycles, admitting, a 
compressed gas in two successive portions 
to a chamber, pre-cooling one of said por 
tions of compressed gas prior to admis 
sion to the chamber, expanding the com 

separating for cold utilization a predeter 
mined portion which has undergone greater 
expansion than compression during such, 
confinement. 

18. The herein described method which 
includes, in recurring sequence; compressing 
two successive portions of a gas and ex 
panding the gas in confinement, separating 
a portion which has undergone greater ex 

: pansion than compression during such con 
finement, and utilizing such portion to pre 
cool one of the two portions of succeeding 
gas to be compressed and expanded in con 
finement. 

19. The herein described method which 
includes, in recurring cycles, compressing 
Successively two portions of a gas and ex 
panding the gas in confinement, separating 
for cold utilization a portion which has un 
dergone greater expansion than compres 
sion during such confinement, passing said separated portion through a regenerator to 
abstract heat therefrom, and in passing one 
of the two portions of succeeding gas to be 
successively compressed and then expanded 
through said regenerator to pre-cool said 
last-mentioned portion of gas. 

RUDOLPH viri EUMIER. 
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