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This invention relates to a method of obtain 
ing UlSeful energy?in Which an inCreaSe in preS? 
Sure Of a gaSeOus nedium is efected by heating 
it at a Constant Volume and in Which for the 

5 heating either wastegas heat or heat generated 
by COmbustion in the gaSeOUS mediunnitSelf here? 
inafter referred to as live heat or both may 
SerVe. 
One of the objects of this invention is the pro 

10 vision of a methodin accordance with which the 
gase0us medium is heated at COnStant Volunne SO 
thatits pressureis increased preferably by being 
Withdrawn by rneans Of a CirCulating device from 
a Container and passed through a heated heat eX? 

15 changer and after being heated therein?is passed 
to a container which may be the same container fromwhichthemediumwaswithdraWn,thegase0us 
medium being Subsequently allowed to flow Out 
Of the Said Container in a manner substantially 

20 free of resistance towards the installation where 
in its power is utilized It is another object of 
the present invention to provide a method in 
accordance with which after the pressure and 
temperature of the gaseous medium have been 

25 raised by heating it in the heat exchanger the 
gaSeOus nledium iS Supplied along With a fuel to 
a COmbustion chamber and during the Combus 
tion of the fuel the Combustion gas is partly 
COnveyed at a ConStant preSSure to the installa 

30 tion wherein its energy is utilized and in part 
returned to the container from whichit is con 
ducted to a consumer. 
The method aCCording to the invention has the 

advantage whether or not waste heat or live heat 
5 is employed for heating the heat-interchanger, 

that the preSSure of the medium is raised without 
any mechanical compression work Thus when 
for example the pressure drop is utilized the 
poweroutput is practically entirely auseful out 

a0 put only the Small expenditure of mechanical 
power required to overcome the low frictional 
resistance of the walls of the circulation-system 
havingto be deducted from the useful output. 
This 10SS however is so smallin practice as com 

45 pared with the useful output that it can be neg 
lected - 

In orderto obtain a Continuous yield of energy, 
it is onlynecessary to withdraw the gaseous me 
dium SuCCessively from a plurality of containers 

50 and after paSSingit through the same heat inter 
Changer to returri it to the respective container, 
the gaSeOUS medium being Subsequently with 
drawn SuCCeSSively frorn the Containers the Con? 
tents Of which have been brought up to pressure 

55 and heated and delivered to the installation 

(Cl.69-59) 
wherein its power is to be utilized aS Will be de 
SCribed hereinafter in detail The Carrying Out 
of this continuous method also does not necessi 
tate any appreciable expenditure of mechaniCal 
power?Since?in addition to the negligible amount 
of power required for the circulation work only 
a fan drive has to be maintained which likeWise 
does not entail any great eXpenditure Of poWer, 
Since the fan has Only to fill the indiVidual Con? 
tainer8 With the gaseous inedium (fresh air) at 
atraOSpheric preSSure after the Contents thereof 
?iaVe been eXpanded down and after the Con? 
tainers have been brought into CommuniCation 
With the atm0Sphere. 
The invention is illustrated by Way of example 

in ?he aCCOmpanying drawingSwhich show purely 
Ciiagran1raatiCally a number Of embodiments of 
appara?us Constructed to be Operated in accord 
ance With the invention. 
In the draWings: 
Figure lis a diagramillustrating an apparatus 

Constructed in aCCordance with the principles of 
the preSent invention; 

Figures 2 3 and4 are Similar to Figure 1 and 
Sh0W the apparatus during different phases. 
Figure 5 is a diagramillustrating a circulation 

SyStem COnStructed in acCordance with the prin 
ciples of the present invention. - 
Figure 6 shows a part of the systemillustrated 

in Figure 5 in a different position. 
Figure 7 Shows a Systen used in Conjunction 

With a steamgenerator. 
Figure 8 Shows a heat exchanger for the plant 

illustrated in Figures 1 to 4. 
Referring to Figure 1 Which Shows an appa 

ratuS for Carrying Out the methodin such manner 
that a ContinuOUS Output Of power is Obtained 
With the uSe of Waste gas heat for heating the 
heat interchanger G four containers Z1?Z2?Z3, 
and Z4 are provided for the air Serving as Work 
ing nedium each of Said Containers being capable 
Of being Connected up with the heat interchanger 
G 80 as to form a ClOSed CirCulating System? 
The Wastegases which, for instance?may Come 

frora a DieSel engine are Supplied by means of 
the pipe A through the heat interchanger G 
whichisconstructedas a counterflow-flow heater, 
and leave the latter at B Cooled down to the Out? 
Side temperature In the phase of the cycle of 
Cperations Shown in Figure 1?the cooling of the 
Waste gases is effected by WithdraWing air at 
Outside temperature from the container Z2, 
which is filled with air in the manner herein 
after deSCribed the air being drawn through the 
pipe L2 and the pipe Le (the valve V2 with which 
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2,164,134 
at a ConStant volume by means of wastegas heat 
Or live heat alSo generated by combustion offuel. 
The method may be Carried out suitably in this 
manner that the gaSeous medium is preheated 
in the ClOSed Circulating System and brought to 
the inCreased preSSure This air Of increased 
preSSure iS COnduCted into a COrnbustion Chamber 
and, by burning fuel is Caused to flow in part 
aS COmbuStion gaS under constant pressure 
through an Openedvalve to an installation where 
in itS energy is utilized whilst at the Same time 
a part is returned through another opened valve 
and a CorreSponding pipe to the Container from 
which the air has been withdrawn This may be 
performed in a continuous process whereby a 
number Of COntainers rnay be inserted alternately 
and in SuCCeSSion into the cirCulation System 0f 
One and the Same heat Source and Of One and 
the Sanne Combustion Chamber. This process 
Shall nOW be inOre partiCularly desCribed With 
referenCe to FigureS 5 and 6. 
In these figureS E represents a Combustion 

Chamber Or final heating Space, Ve is One Of the 
Containers for the air to be heated Wis a SeCond 
Similar heater COntainer, Sl is a Storage VeSSel 
and His a heating apparatus heated by the COm? 
bustion Of fuel These ContainerS Can be Con 
nected to the heating apparatus H through the 
blOWer U2 and With the COrnbustion Chamber E 
by means of the circulating fan U! through pipes 
provided with Valves in the follOWing rnanner. 
In the phase Shown in Figure 5 the Valves A! 

and p2 are for a while opened, whereas the 
valves A2, H2?pH?p3 ?4??5, and ?Il and ?!2 
are ClOSed The Valves p6???!! are held Opened, 
so that Combustion air from the COntainer W? 
which has been heated Say from 300° C abs. to 
600° C. abs. and brought up to the required pres 
sure of two atm abs in a preceding phase in a 
manner hereinafter to be desCribed is COnducted 
by means of the circulating fan Ul into the Com 
bustion chamber E wherein the temperature may 
be 1800° C. abS. From this latter two thirds by 
weight of the contents of the container W flow 
through the valve b8 under constant pressure 
owingto the combustion of fuelto an engine (not 
shown) wherein its power is utilized while the 
remaining third is Conducted back through the 
valves p9 and ?!! of the pipes Le and Le' into 
thecontainer Wabovethe piston T2,which there 
by moves fromits raised position to its lowered 
position The piston weight is nearly balanced 
by the counter-weight G2. The piston T2 will 
therefore descend due to the withdraWal Of air 
below the same and the SpaCe abOVe the pistOn 
T2 wil1 be filled with gas having a temperature 
of 1800°C abs. The fan Ul has therefore Only 
ciroulating work to perform. 
The two Containers W and Ve are Connected 

alternately to the Combustion chamber E If as 
shown in Figure 5, the container Wis COnnected 
with the chamber ??then the valves ?6 and ?40 
are opened and the valves ?l2 and ?! Closed. 
If however?the chamber E is Connected With 
the container Ve then the valves ?12 and ?l 
are opened and the valves p6 and DI?are closed. 
The same occurrences take plaCe in the COa? 

tainers W and Ve only they are Shifted in re? 
1ation to each other to the extent Of One phase. 
In that moinent in which the Container Ve is 
cut of from the chamber E by the ClOSing Of 
the valves p4 and p? and the Container W iS 
connected to the chamber E by the Opening of 
the valves p6 and ?10, the piston T2 is in itS 
highest position while the piston TI, the Weight 

3 
of which is balanced by the Counter-weight GI, 
is in its lowest position. The Space above the 
piston TI is filled with gas having a temperature 
Of 1800° C. abs, which has flown through the 
Valves p9 and ?I?While the Container Ve Was 
COnneCted With the Charnber E. The gas above 
the piston TI is renoved from the Container Ve 
by the Opening of the valve p2, and then the 
gaS is COnducted to a ConSurning unit having 
atmOSpheric pressure, which is not shown in 
Figure 5. 
By this means the pressure above the piston 

T! is quickly reduced and as Soon as atmos 
pheriC preSSure has been reached and fresh 
air is delivered through the open valve AI by 
Ineans of the fan Up into the Container Ve, 
the piston T! is forced upWardly Thus the 
reSidual gas is rapidly removed through the 
Valve ?2 and the Coratainer Ve is filled below 
the piston TI with fresh air whereupon the 
valves ?2 and A? are closed (Fig 6)?The fresh 
air thus admitted to the Container Ve through 
the Valve Al is then heated during the further 
utilization Of the Compressed air fron the Con 
tainer W by being Circulated by means of the 
fan U2 through the heating apparatus H and 
thereby placed under preSSure (Fig 6). 
In order to enable the combustion chamber 

E to Operate Without interruption it is neCeSSary 
that the Container Ve be filled with fresh air 
and that the heating of this air by mearas of 
the heating device H to the temperature of 600° 
C abs. be Conapleted at the time when the total 
amount of air situated below the pisbon T2 is 
rernOVed frOrn the Container W and is trans? 
mitted to the chamber E. 

If the SWitChing Of the tW0 Containers Can not 
be acComplished at the same time, then an ac 
Cumulator is provided which reCeives the super 
flu0us an10üntS Of air and gives up the needed 
annOunt of air WheneVer neCessary This aC? 
CuraulatOr COnSistS Of a COntainer SI having a 
pistOn S2 Which is COnneCted with a Weight S3. 
The Weight S3 is Such that it Corresponds to 
the preSSüre Of the heated air in the present 
eXanaple tO tWO abSOlute atnOSphereS. 
The Container W iS Switched of by the clOS 

ing of the Valves p6 and ?i0 after the piston 
T2 haS reaChed its lowest position and the pis 
ton TI has reached its highest position, while 
the Container Ve is Switched on by the Opening 
Of the Valves ?4 and bl During the discharge 
of the heated air from the container Ve a rapid 
eXpanSiOn Of the Combustior gases COnducted 
from the COrnbuStion Chamber E to the Container 
Wis Obtained by Opening the Valve ?3 and allow? 
ing the GOrnbustion gases to flow to an installa? 
tion (not Shown) wherein their pressure power 
or their heating poWer Or both rnay be Ultilized. 
Then the Valve?A2 is Opened and fresh air is 
introduCed into the COntainer W underneath 
the piston T2 and s0 forth. 
The combustion gases flowing out of the com 

bU1stion Chaaaber E rnay alSO be utilized for de 
livering their heating power, as for instanCe for 
heating a Steam generatOr 
The preheating of the air may also be effected 

by waste gas heat in lieu of live heat Thus, 
the remaining heat Of the utilized COmbustion 
gases may?for instanCe?be uSed saidgases hav 
ing been Caused to flow Out Of the Combustion 
Chamber E through the Valve ?8. 
In the Case Of the apparatus ShOWn in Figure 

7, the method is Carried out in the last men 
tioned manner in Conjunction With a Steam gen? 
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4 
erator Two-thirds of the Combustion gases 
which are Continuously produced in a Combus 
tion chamber E are Supplied to a Steam gen 
erator D when the temperature Of the air Sup 
plied to the combustion chamber E has risen for 
instanCe to 800° C. absolute The steam gen? 
erator Consists of a heated Coiled pipe, the Wa? 
ter being introduced at Di and the steam be? 
ing removed at D2. However the steam gen 
erator may be of any other suitable type A 
throttle Valve D3 is Situated at the exit Side Of 
the steann generator. The uSual final heating 
Surfaces in the Steam generator which are eX 
pensive are dispensed with and the Combustion 
gases are withdrawn from the steam generator 
through a pipe La and supplied to a heat.ex? 
changer Ga the Cost of which is less than that 
of the final heating Surfaces of a Steam gen? 
erator Thus the heat of the waste Combustion 
gases is transferred in the heat eXChanger t0 
fresh air from the Containers Ve and W?fron1 
which the airis circulated by a circulating pump 
U3 in the Same manner as in the Case Of the ar 
rangement Shown in Fig?5. It iS Only neCeSSary 
to have the Valves ?I4 and ?I5 Open at One time 
and the valves pl6 and ?IT Open at anothertime, 
the method being carried Out Otherwise in the 
Same manner as described With reference to Fig. 
5. Since the Cooling Of the Combustion gaseSin 
the steam generator D is Carried Out at a Con 
stant pressure while the heating of the fresh air 
is at a Constant volume, the Combustion gases led 
through the boiler are Sufficient to preheat the 
entire fresh air again Up to 800° C. abSolute. 
What I Claim iS: 
1?The device Which comprises at least tW0 COn 

tainerS adapted to be filled With a gaSeOuS me 
dium, a heat exchanger Of ConStant dimenSiOnS, 
means supplying heat to Said heat eXChanger, 
means connected With Said Containers and adapt 
ed to rernove the heated gaSeOuS medium frOnl 
said containers to Carry Out uSeful Work and 
means connecting Said Containers with Said heat 
eXchanger and COmprising means for Supplying 
freshgaseous medium in Said Containers One after 
the otherand therefrom t0 Said heat exchanger, 
and for removing it fron Said heat eXChanger tO 
one of the containers, whereby the gaseous me 
dium in Said ContainerS is Caused to flow Con? 
tinuously and ConSecutively through Said heat 
exchanger and is removed from the device to 
Carry Out USeful Work. 
2 The device which comprises at least one 

container adapted to be filled with a gaSeous 
medium, a heat eXChanger of Constant dimen? 
sions, means Supplying heat to Said heat eX 
changer?means Connected with Said container 
and Said heat exchanger and Comprising means 
for CauSing a flow Of a gaSeOuS medium frorn 
Said Container to Said heat eXChanger and for 
CauSing a return fiOW Of the heated gaseous me? 
dium from Said heat exchanger back int0 Said 
Container, means Constituting a Combustion 
chamber means Connecting said Container with 
the last-mentioned means and adapted to tranS? 
mit the heated gaseous medium fron Said Con? 
tainer to Said combustion chamber and means 
for removing the gaseous medium from said Cona 
bustion Chamber to Carry Out uSeful Work. 
3.A.device in accordance with claim 2, com 

prising rneans Connected with the Combustion 
chamber for removing a part of the gas heatedin 
Said Combustion Charnber to Carry Out useful 
work, and means for returning another part of 

2,164,134 
the gase0us medium heated in Said Combustion 
Chamber back to Said container. 

4. The device which Comprises a heat eX 
Changer Of COnStant dimensions, means supply 
ing heat to Said heat exchanger a plurality of 
Circuits, each Circuit Comprising a Container 
adapted to be filled with a gaseous medium, means 
Connecting the Container with said heat eX 
changer and means for Causing the gase0us 
medium in Said container to flow Consecutively 
and Continuously through Said Circuits, whereby 
SaidgaSeous medium is heated in Said heat ex 
changerand returned to itSCOntainer?means Con? 
Stituting a COrabustion Chamber and means Con 
necting Said Containers with Said Cornbustion 
chamber and comprising means for Causing the 
heated gaseous medium to flow Consecutively 
from Said Containersto Said Combustion chamber 
to be heated therein, and for Causing a part Of 
the gaseous medium to flow from Said Combustion 
chamber back into its container and neans COn? 
nected with Said Combustion chamber to ren10Ve 
another part of the gaseous medium from Said 
combustion chamber to Carry Out uSeful WOrk. 

5. A device in aCCordance with Clain14, Where? 
in the means for heating the heat eXChanger 
comprise means for transmitting Combustion 
gases from said combustion chamber to Said heat 
eXChanger. 

6. A method of obtaining useful energy by 
means of a gaseous working medium Said meth 
od comprising heating a constant volume of the 
medium and thereby increasing its preSSure by 
passing it through a heated heat exchanger to a 
container and expanding it from the Container 
to a working installation and CauSing it to aCtu? 
ate Saidinstallation to remove from an0ther COn? 
tainer a medium which has been previously heat? 
ed at a constant volume by passage through Said 
heat exchanger and expanded from Said Other 
container to said installation to actuate the lat 
ter, 

7. A method as claimed in claim 6, Character? 
ized by the feature that the heat eXChanger 
through which the gaseous medium to be heated 
ispassedin a closed circulating System is heated 
bymeansof hot wastegases from the installation 
wherein the energy of the gaseous medium is 
utilized. 

8. Amethod as claimed in claim 6, Character? 
ized by the feature that after the pressure and 
temperature of the working medium have been 
raised by heating it in the heat interchanger the 
working medium is delivered together with fuel 
to a combustion chamber and during the COrn? 
bustion of the fuel the combustion gas is in part 
conveyed at constant pressure to the installa? 
tion where its energy is utilized and is in part 
returned to the Container from Which it iS COn? 
ducted t0 the COnSun1er. 

9. A method aS Clainned in Claim 6, Character? 
ized by the feature that after the preSSure and 
temperature of the working medium have been 
raised by heating it in the heat interchanger the 
working medium is delivered together with fuel 
to a COmbustion Charnber and, durjng the COn 
bustion of the fuel the Combustion gas is in part 
Conveyed at Constant preSSure to the installation 
where its energy is utilized and is in part re? 
turned to the Container from which it is Con 
ducted to the Combustion Chamber and further 
characterized by preheating the air of Several 
containers by Circulating through one and the 
Same heat interchanger to which the Containers 
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WithdraWing the preheated highly Compressed air 
SucceSSivelyin turn from the Said containers and, 
COnducting it to One and the Same Combustion 
Chamber by means Of a CirCulating fan, Causing 
Dart of the Combustion gas to flow out during 
the Combustion from Said chamber at constant 
preSSure to the installation Where it is utilized 
and returning the other part to the container 
from Which the air is Withdrawn. 

10 A method as claimedin claim6, character 
ized by the feature that after the preSSure and 
ternperature of the Working medium have been 
raised by heating it in the heat interchanger the 
working medium is delivered together with fuel 
to a COmbuStion Chamber and during the Com 
bustion Of the fuel the Combustion gas is in part 
COnVeyed at COnstant preSSure to the inStallation 
where its energy is utilized andisin part returned 
to the Container from which it is conducted to 

5 
the C0mbuStion chamber and further character 
ized by preheating the air of several Containers 
by Circulating through one and the Same heat 
interchanger to which the Containers are con 
nected alternately and in succession withdraw 
ing the preheated highly Compressed air Succes 
Sively in turn from the Said Containers and, Con? 
ductingit to One and the Same combustion cham 
ber by means of a circulating fan Causing part 
Of the Combustion gas to flow Out during the 
Combustion from Said chamber at Constant pres 
Sure to the installation where it is utilized and 
returning the other part to the Container from 
Which the air is Withdrawn and in which the 
WOrking medium iS preheated by means Of Waste 
gaSes delivered frOrn the inStallation to Which 
they are Conducted fron the CombuStion Charn? 
ber in the form Of WOrking gaseS. 
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