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POWER ENGINE PLANT

Michaecl Martinka, Dulsburg, Germany; vesied in
the Alien Property Custodian

Application filed February 21, 1339

This invention relates to & power engine plant
operated with a gaseolus working medium, where-
in the working medium s compressed in a com-
pressor, then heated in a heat-exchanger by hot
gases, then expanded in the power engine and
finally supplied to a combustion chamber
where the hot gases are produced by means
of fuel supplied thereto. It is the general object
of the present inventlon to improve plants of the
general kind above described by the provision
of an improved heat exchanger, by means of
which heat 1s transferred from the hot gases to
the working medium.

EKnown plants of the above described kind in-
clude surface heat-exchangers wherein the heat
of the hot gases Is transferred to the compressed
working medium through metallic walls. These
power engine plants have not hitherto been con-
structed with success because the materials avall-
able for the metallic walls could be heated only
to about 550° C., If they are simultaneously ex-
posed to mechanical stresses resulting from the
pressure difference existing between the hot gases
and the compressed working medium. The ther-
mal efficlency in such a case falls so low that
the effective output derived from the fue! was
substantially nil that is the output of the ma-
chine only sufficed to drive the compressor and
the useful work was therefore zero.

This invention is based on the understanding
that the fuel can be used with advantage only
if the transfer of the heat of the hot gases to
the compressed working medium can be success-
fully accomplished under safety conditions of
operation at temperatures of about 1000° C. or
more. Due to these hlgh temperatures the ther-
mal efficiency becomes so high that an overall
efficlency of the fuel can be reached which ex-
ceeds those of the steam turbine and eqlals those
of Diesel engines. For this purpose any suitable
fuel can be used as well as furnace gas or pul-
verised fuel.

The hiph degree of heating of the compressed
workine mediuin by the hot gases Is effected
according to lhe invention by constructing the
heat-exchanger In which the heat of the hot
gases is transferred to the comnressed working
medittm a5 a heat storage member having a plu-
rallty of bant storaze elements each of sald ele-
ments in turn ve~eiving heat from hot gases and
arother of said slements simultaneously giving
up heat in turn to the compressed working me-
d'um.

itor the element of the heat-exchanger heat-
ing the working medium has given up Its heat,
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the working medium to be heated s supplied
to another element of the heat store which has
previous!y been heated by the hot gases.

The heat storing medium may consist either
of kinds of iron alloys or of other materials such
as stone. There are, however, kinds of Ilron
alloys which are capable of operating contin-
uously as heat storage bodles up to 1200° C. as
they have to withstand no mechanical stresses.

For an understanding of the more detailed
nature and ohjects of the invention and the ad-
vantages to be derlved from its use, reference may
best be made to the ensuing poertion of this speci-
fication taken in conjunction with the accom-
panying drawings forming a part hereof.

Fig. 1 shows a plant according to the invention
whersin fuel oil is utillsed as fuel,

In the plant illustrated in Flg. 2 a combustible
gas is supplied to the combustion chamber and
in the plant according to Fig. 3 powdered fuel.

Figs. 4-6 show a constructional form of the
combustion chamber,

The plant illustrated in Fig, 7 is sub-divided
into a closed high pressure circuit in which the
working medium circulates between the com-
pressor, one part of the heat store, the power
engine, the combustion chamber and another
part of the heat store, A part of the working
medium is separated out of this circuit and is
expended in another power engine.

In the system shown in Fig. 8 the working
medium supplied to the second power engine 1s
removed from the closed circuit in front of the
COMmpressor.

In the installation accerding to Fig, 9 heat still
present in the hot gases after leaving the heat
store is utilised for steam preduction.

Fig. 10 shows a further installation having
means for controlling the output of the power
engine,

Fgs. 11-15 show detalled constructional forms
of the heat storage and comhustion members as
well as of the controlling devices.

Referring to Fig. 1 an embodiment Is shown
in which fuel oll is burnt as fuel in the combus-~
tion chamber B and moreover in the presence of
exhaust gases of the turbine T which consist of
pure air or of air having a certain steam content
as will be more fully described below. The com-
bustion gases resulting in this manner in the
combistion chamber flow through one or more
chambers of the heat store R which are arranged
in parallel. The heat still contalned in the gases
on discharging from the heat store is then uti-
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lised as far as possible in surface heat exchangers
28 and iI.

The outer air sucked in by the compressor
V is brought by the latter in a plurality of stages
to a high pressure, surface coolers 2, 3, 4 belng
arranged in the usual manner between the indi-
vidual stages in which the air can give up the
heat taken up in the precedlng cormpression
stages. A pump § forces cooling water through
the intermediate coolers 2, 3, 4. The water heat-
ed on passing through the surface coolers flows
through a condult 6 to the upper part of the
irrigation Iayer 7 of a saturator S,

The compressed alr from the last stage of the
compressor V enters the saturator through the
conduit 8 and flows through the layer T upwardly
In counter-flow to the downwardly trickling wa-
ter. In this way compressed alr becomes sat-
urated wilth water vapour and at the same time
the water is cooled down and in this manner
is again prepared to take up heat In the surface
coolers 2, 3 and 4. The purpose of the saturator
8 1s to transfer the heat removed from the air
in the intermediate coolers 2, 3, 4 and trans-
ferred to the cooling water wholly or partly back
to the air in the saturator.

The water vaporized in the layer 7T is replaced
through a float control 9. This additional water
which is supplied through the condult 10 flows
through the above mentloned surface heat-ex-
changer |l which Is heated by the combustion
gases leaving the heat store,

The air enriched with water vapours which
leaves the saturator S through the condult 12
passes through one or more store-chambers In-
serted In parallel and previously heated up by
the combustion gases and then flows through
the conduit 13 in a conslderably heated cond!-
tion Into the turbine T where 1t 1s expanded and
transfers Its energy In the form of mechanical
work to the turbine wheel,

The air expanded for example almost to the
outer alr pressure and conslderably cooled down
leaves the turbine T through the condult 14 and
1s then brought In the above described manner
in the combustlon chamber to the highest tem-
perature and then as hot gas enters the cham-
bers of the heat store which are to be heated.
The heat store R has at least three individual
chambers and !s operated in known manner so
as to bring the chambers periodically and suc-
cesslvely into operation. The change over takes
place in such a way that after one perlod in
which the storage material 1s heated up by the
combustion gases there follows a period when
the same is cooled down by the air to be heated.
After the resultant cooling down the particular
storage chamber is again changed over for heat-
ing up by the combustion gases.

In the Indlvidua! members of the plant the
following pressures and temperatures may for
example exist. It may, for example, be assumed
that the temperatures of the hot gases on leav-
ing the cembustion chamber B are about 1000°
C., and that the gas temperature on giving up
heat In the heat store R sinks to about 160°
C so that the gases flow out of the heat store
with the latter temperature.

The fresh alr Is compressed in the compressor
V to about 7-atm.abs. The temperature of the
compressed air hefore entering the heat store
R 1s about 150° C and on leaving the heat store
about 950° C, In the power engine T the air
expends down to nearly l-atm.abs. In the ex-
pansion nozzles of the power engine which are
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inserted In front of the blade rim of the im-
peller wheel the temperature of the air during
expansion falls to about 600° C. Due to friction
agalnst the blades of the impeller wheel the tem-
perature again rises somewhat so that it leaves
the power engine T at nearly 1 atm.abs. at
about 650° C., and enters the combustion cham-
ber B.

In the ¢onstruction shown in Pig. 2 gaseous
fuel is utillsed for heating the combustion cham-
ber B. In this case it is preferable to pre-heat
the combustlible gas in a heat-exchanger 16 which
is heated by waste gases from the power engine
T, which as above described, consists elther only
of alr or of alr with a definite steam content.
Part of the engine waste gases flows through
the conduit I5 to the pre-heater 8 and the re-
malinder is supplied to the combustion chamber
B for the combustion of the gaseous fuel. The
comhustible gases are circulated by the blower
1T which produces only a small pressure above
atmosphere, through the pre-heater I8 into the
combustion chamber B.

The pre-heater 16 may be constructed as a
heat store. However, a surface heat-exchanger
may also be used as illustrated in Fig. 2 in which
the heat is transferred from the exhaust gases
to the gaseous fuel directly through the walls
of the exchanger.

In order, on the pre-heating of the combustible
gases, to effect a favourable thermal utilisation
of the heat of the exhaust gases, the heat-ex-
changer for the pre-heating of the combustion
gases must be dimensioned for such & part of
the exhaust gases of the power engine that the
product of the welght of this part of the exhaust
gases and their specific heat is equal to the prod-
uct of the welght of the combustible gases and
their specific heat; in this case there results at
the inlet and outflow sides of both gases the
most favourable temperature difference between
the two,

If for heating the combustion chamber pulver-
ized solid fuel is chosen, as {llustrated in Flg. 3,
consideration must be paid to the fact that this
fuel must be blown In with alr or with a gas mix-
ture contalning much air, the temperature of
which, however, must not he sufficiently high to
cause pre-ignition of the fuel by this air blast.
The pulverised solid fuel s, therefore, blown in
In a sultable manner with exhaust gases having a
high air content which leave the heat store and
are consequently strongly cooled down therein.

Prom a collecting conduit 18 through which
pass the exhaust gases flowing out of the store
R a part of the exhaust gas is removed and is
supplied to a blower 19 which Increases the pres-
sure of the cooled exhaust gases sufficiently to op-
erate as an injector Into the combustion chamber
B and to be able to overcome the resistance of
the heat store R. The exhaust gases pass from
the blower 19 through a conduit 20 into the top
of the combustion chamber B where they are
mixed with solid fuel fed from a container 2( by
a feeding device 22 and blow said fuel into the
combustion chamber B. There the blown In mix-
ture meets the exhaust air supplied through the
conduit 14 in which the solid fuel is burnt. The
highly heated combustion gases then fow into the
heat store R as described in the preceding ex-
ample,

The manner of the air compression and the en-
riching of the flnally compressed air with water
vapours by partial evaporation of the cooling
water of the intermediate coolers of the air com-
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pressor may be effected similarly es In the
embodiment deseribed with referemee to Fig. 1.
The enrichment of the compressed air with
vapours may, however, ke further increesed by
the cooling water which leaves the intermediate
coolers 2, § and 4 belng further Keated in a heat-
exchanger 23 which is heated by the exhaust gases
from the heat store R. These exhaust gases sub-
sequently flow to the heat-exchanger 11 in which
the addltional weater which passeg through the:
float control 9 is pre-heated.

Mgs. 4 and 5 show the combustion chamber
with the device for supplying the pulverised fuel
on a larger scale. Flg. 4 being s vertical seetlon
on the section line I—1I of Flg. 5 and Fleg. 5 being
a horlzontal section on the line- TI—IT of Fig. 4.

The combustion chamber B is formed with: a
head 24 in which the pulverised fuel mixes with
the air blast. This air blast suppled through the
conduit 20 enters the mixing head 24 tangentislly.
The pulverised fuel which is present in the stor-
age chamber 21 falls from the lower part of this
storage chamber in regulatable amounts. The
amount so delivered may be controlied by the ver—
tical position of a vertical rotating shaft 25. THhe
lowest part of this shaft 23 is constructed in the
form of a valve whilst above this part the shaft
has a cross-section which is non-circular and
non-uniform. Due to this and by the rotation of
the shaft arehing of the mass of pulverised: fuel in-
container 21 is prevented with the result that the
dnwnwardly directed movement of the pulverised
fuel continues without interruption. The fuel
droppinz from the contalner ¥I passes into a
chamber located below the same and fitted with
the feeding device 22 by which it is moved to the
left until it reaches the conduit 28 in which it
falls downwardly. At the lower end of the con-
duit 26 the fuel is carried along by the blown in
air and passes mixed therewith into the actual
combustion space 2T of the combustion chamber
B.

The hot air coming from the turkine T is sup-
plied to this combustion space 27 through the
conduit 14 which opens tangentially into the
housing of the comhusticn chamber B. The air
then passes through guide blades 28, which over-
lap at their ends with the result that only a part
of their surface s exposed to the heat radiation
of the combustion taking place in the combustion
space 27 whilst the remaining surface is con-
tacted by the very much cooler gases which are
supplied through the conduit {4 and are thereby
cooled. Further, a part of this gas passes through
the upper annular opening of the combustion
space 21 whieh is preferably provided with screw-
shaped blades 29, into the combustion space and
thercby cools the upper bounding wall 30 of the
combusticn chamber B. These screw-shaped
blades also overlap in a similar manner as ths
blades 28, as can be seen from Fig. 8. The highly
heated combustion gasas flow out of the combus-
ticn chamber B through the outlet branch 31 and
pass to the heat store.

It is well known that the output of a heat en<ine
may be considerably increased if the inlet pres-
sure and the outlet pressure are increased while
the temperatures remalin constant. If, for ex-
ample, in a turbine the pressure on entry into
the turbine amounts to 7 aim.abs. whilst the
outlet pressure is 1 atm.abs. the-output of this tur-
bine will be increased three-fold if the pressures
are increased three times, that is if the pressure
in front of the turbine amounts to 21 atm.abs.
and the outflow pressure to 3 atmi.abs. IF the
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temperatures. in front of and behind the turbine
are the. same as in the first case three times the
welght of the driving medium pags through the
turbine. Use is made of this relation in the plant
illustrated in Fig. 1.

The main part of the gases exhausting from
the turbine Ti in the plant shown In Fig. 7
flows through the conduit 14 to the combustion
chamber B with a pressure now higher than at-
mospheric. Here the gases are heated in a man-
rer more fully described below, pass into the
heat store R where they give up their heat and
are further cooled down in the heat-exchangers
28 and (f. From the latter, however, they do not
pass into the atmosphere but are supplied to a
washer W in which they are freed from impurities
and moreover both from dust-like impurities and
also from any acid constituents. This is prefer-
ably effected, for example by a percolation layer
32 formed of percoletion bodies which are sprayed
from above by an alkaline solution (for example
lime water} whilst the gases to be cleaned flow
through the liquid trickling down in counter-
flow from below upwardly through the layer 32.

From the washer W the purified gases are sup-
plied to the air compressor Vi which compresses
them and forces. them {o the turbine Ti. The
devices hy which the purified gases are com-
pressed and are transferred to the power engine
T are constructed' in a similar manner to the
devires. Ulustrated in Fig. 1 for compressing and
conveying the ajr. The lime-water of the washer
W may be circulated in a circuit by the pump
33 and according to the desired action it may he
hested up in a heat-exchanger 34 or may be
cooled. Aceording to the acid content of the
gazes it may be advisable to remove a larger or
smaller patt of the alkalihe solution from this

ircuit and to replace the same by fresh lime-
water which can be effected by a float control,

If a plant is operated in this mannher, the
oxyeen content of the gases always moving in a
closed circuit into the combustion chamber B
would- very soon: be consumed. In order to main-
tein the plant continuously in operation it is,
therefore, necessary to remove a part of the
gases from the circuit and to replace the same
ky new oxygenh-containing air by which the fuel
in the combustion chamber is burnt.

The gases to be led away; which are not yet
completely expanded are conveved through a con-
duit 3% which is branched off from the conduit 14
into- & turbine Tz in which they are expanded
to. atmespheric pressure. The exhaust gases
therefrem ere supplied through a conduit 36 to a
heai-exchanger 37 which serves for heating up
the ecempresged air. As the latter deals with
considerably lower temperatures than the heat-
exchanger R, this heat-exchanger 37 may also
ke a surface heat-exchanger. After the exhsust
7a%s have traversed surface heat-cxrhangers 38
and- 3 they pacs into the otmosphere.

In order to replace the exhanst gases which are
removed from the high-pressure circuit through
the conduit 3% by fresh eir, en air-compressor
Ve in provided which sucks iz atmospheric air
and forees the sanme through the conduit 49 into
a saturator Sz, The air charged with vapours
in the saturator Sz and hested in the heat-ex-
changer 81 then flows inte the combustion space.
The air thus supplied facilitates the combustion
¢f the fuel supplied. for exampla by the fuel oil
pump &4{. The intermediate coolers of the air-
compressar Va are pravided in a similar manmer
with circulating water as in the plant aecording
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to Fig. 1, but here alse the cooling water leav-
ing the intermediate coolers may be heated ad-
ditionally in the heat-exchanger 38. The addi-
tional water 1s pre-heated in the heat-exchanger
39 and supplied through a float control 42 to the
saturator Sz in which the water 1s cooled down.

In the above described system the highest
temperature exists in the combustion chamhber B
in which the low pressure of the high pressure
circuit prevails. The temperature of the gases in
the conduit 13 which have been heated in the
heat store R Is only slightly less. These gases
are at the high pressure of the high pressure
clrcuit end are expanded whilst doing work in
the turbine Ti to an intermediate pressure which
is the low pressure of the high pressure circuit
and are thus cooled dewn to an Intermediate
temperature.

With this mean temperature and pressure the
part of the gases removed from the high pressure
circuit through the conduit 35 enters the low-
pressure turbine T: to be expanded to about at-
mospheric pressure,

One disadvantage of the process of gperation
of this system 1is that the low pressure part of
the system operates with a more unfavourable
thermal efficiency than the high pressure part
since the low pressure turbine T2 is impacted
by driving gases of lower temperature than the
high pressure turbine T:. This may be overccme
by raising the temperature of the gases driving
the low pressure turbine T by the supply of heat
to these gases before their entry into the low
pressure machine Ta. The heat supply may be
effected in different ways. For example, the low
pressure turbine T3 may be connected, not to the
condult {4 which extends from the high pressure
turbine T: to the combustion chamber B, but to
that conduit through which the hot gases flow
out of the combustion chamber B. In this casge
the low pressure turbine T2 will be driven by the
hot combustion gases.

A separate combustion chamber may also be
arranged for the gases to be supplied to the low
pressure turbilne T2, This additional combustion
chamber is inserted In a suitable manner In the
conduit 36 branched off from the conduit 14 and
leading to the turbine T2, The alr necessary
for burning the fuel in the additional combus-
tion chamber is removed in a suitable manner
from the air conduit leading from the pre-heater
37 to the main combustion chamber B.

The advantage of the higher gas temperature in
front of the low pressure turbine Ta is offset
mainly by the disadvantage that the driving gases
contain impurities which enter the gases during
the combustion. This disadvantage may be
avolded by transferring the heat of the hot com-
bustion gases to the driving medium of the low
pressure turbine through the intermediary of a
heat storing device having a number of parts as
illustrated In Pig. 8. The driving gases Intended
for the low pressure turbine T are removed from
the main stream of the gases above the washer
W through a condult 43 and are supplied to a
multiple-element heat store Rir which similarly
to the store Rr 1s heated by a part of the combus-
tion gases from the combustion chamber B. The
driving gases supplied to the low pressure turbine
Ta are In this manner brought to the same tem-
perature as those in the high pressure turbine Ti.

In the system according to Fig. 8 there {s pro-
vided for the heating of the compressed air pro-
duced by the compressor Va instead of the surface
heat-exchanger 37 of Fig. 7, a heat store Rur in
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which the compressed air 1s heated to practically
the same temperature as that of the gases flowing
out of the high pressure turbine Ti.

The system illustrated in Fig, 8 has also in the
low pressure part a high thermal eficiency, since
the low pressure turbine is also impacted by gases
at temperatures of about the same value as the
higher pressure turbine Ti. If the expansion
ratlo in both turbines is the same, for example
in a high pressure turbine T1 from 49 atm.abs. to
7 atm.abs, and in the low pressure turbine T2
from 7 stm.abs. to 1 atm.abs. and thus have a
ratio of 7:1 the outflow temperatures from the
turbines in the conduits (4 and 36 will be about
the same. The air preheated In the heat store
R will be heated nearly to this temperature.

A particularly simple construction of the low
pressure part of the system is obtalned if the
combustion gases to be replaced and removed
from the high pressure circuit are as in Flg, 7 re-
moved from the exhaust gas condult of the tur-
bine T: and are, however, supplied not directly
to the turbine T2z but as shown on Flg. 9 firstly
through a heat-exchanger 37 and then to the
turbine Ts. Here the gases are expanded to the
outer pressure as far as possible adiabatically, and
are then expelled at a lower temperature into the
atmosphere,

The compressed air 1s compressed adiabatically
in the compressor Va to the combustion chamber
pressure then heated in the heat exchanger 37
which may also be a heat store and so supplied to
the combustlon chamber. This particularly
simple construction is advisable especilally when
the low pressure of the high pressure circuit is
not particularly high, so the adlabatic alr com-
pression then only leads to moderate tempera-
tures. If gaseous fuel is used this in like manner
should be compressed. The load of the low pres-
sure compressor or compressors with a system
according to Flz. 9 is greater than the output of
the low pressure turbine T2 so that, therefore,
the high pressure part of the system must give
up part of its output to effect the low pressure
compression,

In a plant provided with a high pressure cir-
cult and a gas washer W, as for example shown in
Fg. 7, the gases passing Into the washer W are
in general so warm that the washing water leaves
the latter at over 100°C. In order to cool it down
and to Include the heat thus released for power
production, the water heated In the washer W as
shown in Fig. 9 is relieved of pressure in a cham-
ber E whereln a much lower pressure exists than
In the washer W, for example about atmospheric
pressure although it may be somewhat higher or
lower., On relleving the water of pressure it is
cooled down with the evolution of vapour to the
boiling temperature at the pressure prevailing in
the chamber E for example with atmospheric
pressure to 100°C.

The resultant vapour passes through conduit 52
to a super-heater 53 which is heated by the ex-
haust gases of the heat store R and then to a
low pressure steam turbine T3, From this the
expanded exhaust steam flows into a condenser
K. The condensate Is circulated by a pump 64
at the pressure of the water running out of the
pressure releasing chamber, Together with the
latter the condensate is forced by the pump b6,
if necessary through a fllier F, into the upper
part of the washer W,

From the water pressure conduit §6 leading to
the washer W a branch conduit 57 may be led to
the intermediate coolers 2, 3 and 4 of the com-
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pressor Vi which are traversed by the cooling
water In series or preferably In -parallel. The
water heated In the same passes through the
conduit $3 to the pressure relieving chamber E
where it is again cooled down to for example
100°C with the formation of steam.

A float valve 69 in the lower part of the washer
W maintains g constant water level therein since
it allows only sc much water to run away to the
pressure relieving chamber E as passes info the
upper part of the washer container,

A float valve 80 in the lower part of the pres-
sure relleving chamber E controls the supply of
fresh water which 1s particularly necessary if &

part of the circulating water runs away con-

tinuously through an adjustable drain &1 in order
to prevent the circulating water becoming too
concentrated with salts.

In the washer W In front of the outflow of the
gases and in the pressure relieving vessel E In
front of the outflow of the vapour therefrom there
is arranged a water separator of known construc-
tion (not fllustrated).

For controlling the output produced by the

power engine it is preferable to vary the tempera- ;

ture of the working medium (compressed alr) en-
tering the power englne. This is effected In ac-
cordance with the invention by dividing the heat-
storage devices into two multiple-element storage
members one of which is heated to a lower tem-
perature than the other gnhd by providing means
by which the amounts of air heated in the two
storage members to different temperatures can
be mixed in regulatable proporticns. FPreferably

one storage member is heated by the working .

medium exhausting from the power engine and
the other storage member by the combustion
gases flowing out of the combustion chamber.

In Fig. 10 such a plant 13 dlgrammatieally 1llus-
trated. It differs [rom the system shown in Fig.
2 only by the provision of two heat storage mem-
bers 110, 110’ which are heated in different ways
and each of which conslsts of three separate com-
partments. The air expanded in the power en-
gine T flows with a temperature of, for example
650° into the conduit 94 from which it flows in
part through the conduilt 98 into one or two com-
partments of the store 110’. Ancother part of the
exhaust alr from the power engine passes tb the
combustion chamber B where It comes in contacét
with the combustible gases supplied by the blower
9T and heated in the surface pre-heater 86. This
pre-heater %6 is heated by another part of the
exhaust ailr, The combustion gases formed in
the ecombustion chamber B anhd heated, for ex-
ample to 1100° C., pass through the conduit 99
into one or two compartments of the heat store
110 and thereby heat this store, The entire ex-
panded air exhausting from the power engine T,
including the combustion gases cooled down in
the pre-heater 86 and the combustion gases
formed in the combustion chamber B, collect in
the condult 63 and pass, after further cooling in
the heat-exchangers 88 and 91, into the atmos-
phere, .

The alr compressed In the compressor V flows
through the saturator 8 traversed by the cooling
water of the compressor and then passes into the
conduit 82 from which it passes in part into one
or two compartments of the storage member (19°
heated to a lower temperature and in part into
one or two compartments of the storage member
110 heated to a higher temperature. The part
of the compressed air heated in the heat-store
{19’ to substentially 650° end the part-of the
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compressed air heated in the heat store (i€ to
substantially 1100° C. pass into the conduit §3,
are here mixed and flow at & mean temperature
to the power engine T in which they are
expanded.

The value of this mean temperature of admix-
ture may be regulated by controlling the propor-
tion of the amount of air which heats the store
110’ relatively to the amount-of air which is sup-
plied to the combustion ckamber B and as com-
bustion gases heat the store 119, as well as by
regulating the proportion of the amounts of com-
pressed -air supplied to the two stores. It Is thus
possible by varying the ratlo of said amounts to
control the temperature -of the compressed aftr
flowing through the-conduit 83 to the power en-
gine T without altering the temperature ratios
of the two heat stores.

Each heat storage member must consist of at
least three compartments each-of which is heated
or cooled down alternately -so that the heating
gases and also the alr to be heated glways have
o free passage therethrough.

In Figs. 11-15 are more fully {llustrated mem-
bers of a plant according to Fig. 10 especially
the storage and-‘combustion plant as well as the
regulating system.

The hot compressed air heated, for example to
950° C. at a pressure of for example 7-8 atm. abs.
flows through the pipe 102 vertically upwards to
the hot air engine which may be a turbine or a
piston engine. There the compressed 'mir 15 ex-
panded to nearly atmospheric pressure so that its
temperature sinks to 650° C. With this pressure
and temperature the air flows through the ex-
‘haust air conduit 103 downwardly to'the thamber
104 where the exhaust air stream 1s divided into
a central portion which ‘contacts with the hot
surfaces of a heat-exchanger i05 and an outer

‘portion which is led downwardly through the

annular space 106.

For the annular space M6 the expanded ex-
haust air flows through a number of, for example
nine, radial tubular sockets (07 into the chamber
108 of the heat store [#0 or 110’ controlled by &
valve '198. The heat stores (10 and 110° differ
from one another by the heat store (10 being
-provided with a ‘conncéting conditit (11 for a
combustible gas -whilst In the heat stores 110’
this connecting conduit is either dispensed with

-or closed. Of the nine heat stdres arrahged in a

ringaround the waste air conduit 103 sfx heat
stores 110 have their bwn tombustion c¢hamber.
The stores are préferably so drranged that two
stores 110 always-alternate with one store 1190’.
This manner of sub-devision is only cited as an
example and relates to an embodirment whérein
furnace gas is used.

In the heat stores 110, to which ho combustible
gas 15 -supplled, the exhaust air heated to about
650° C. flows during that pettod when'the storage
material 112 shouid be heated up, ocut of the tu-
bular pranch 107 through the open valve 108 into
chamber 188, From the latter it flows through
the cone-shape widened piEsage 113 {tito the an-

‘nular chamber F'(8 from which It'flows into the

storage meds 112 which sufrouhds the combus-
tion chamber and consists ‘of ‘horlzontal sheet

‘metal layers. ‘Through the small spaces between

the Individual metal sheets the exhaust alr Aows
from the interior radially cutward. In this way

"the exhaust dir glves up its heat to the storage

mmass consisting of metal shitets arid fows con-
‘siderably cooled down into the chamber (15 which
1s arranged with Its upper part in the form of a
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ring around the storage mass 1{2. In the cham-
ber 118 the cooled down air flows downwardly
inio the inner space of the piston slide valve 116
which is shown In its middle positlon. If it is
located in its upper positlon the cooled down air
can fiow through the upper ring of openings of
the slide valve casing 117 Into the space 118 and
thence into the withdrawal conduit 119,

When the metal plates which form the storage
mass {12, and which in known manner are formed
with interruptions in the directlon of flow, have
heen heated up sufficiently the valve 108 is closed
and the slide valve 118 is brought into 1ts lower
position so that it releases the lower openings in
the slide valve casing ItT. In this way com-
pressed air of, for example 7 to 8 atm. abs. which
is supplied through the branches 120 may flow
into the space 115 and thence be forced radially
inwardly from the outside through the storage
material (12 so that thls compressed air with-
draws heat from the storage material and is itself
heated up and moreover substantially to the
temperature for example 650° C, with which
previously the expanded exhaust air entered the
storage material. The compressed alr heated up
in this way flows into the chamber 121, raises
the valve 122 due to its excess pressure and passes
to the annular conduit 123 from which together
with the air heated in the other heat stores 10
and 110’ 1t passes into the conduit 102 extending
vertically upward.

When heat has been withdrawn in this manner
from the storage material 112 to a sufiicient ex-
tent the slide valve 116 is agaln moved upwardly
s0 that it passes firstly into the position shown
in Fig. 11 in which It bas closed the lower open-
ings of the slide valve casing i17. No more com-
pressed alr can thus enter sald casing. Conse-
quently the valve 122 falls back on lts seating.
The slide valve 116 is then moved further up-
wardly, uncovers the upper opehings in the slide
valve casing (4T so that the compressed alr still
present in the chamhber 115 can escape to the
branches 118 and to the exhaust alr conduit 119.
As soon as the slide valve 116 has completely
uncovered the upper openings in the slide valve
casing 117 the valve 108 is also lified so that again
the hot expanded exhaust air can enter from the
annular space 106 through the branch 10T into
the store 110 and the heating up of the storage
material 112 is repeated in the above-described
manner.

One difference between the heating up of the
heat store t10 as compared with the heating up
of the heat store 110’ consists in that the warm
exhaust air which passes through the branch 107
to the valve 108 and into the space 108 is here
mixed with pre-heated combustible gases which
are supplled through the conduit 111, This gas
which flows through the condult 11l s allowed
to pass by the valve 124 which operates automati-
cally or preferably Is controlled and passes Into
the annular space 125 and from the latter through
the openings 126 Into the space 109 in which the
jets of the combustible gas flowing through the
openings 126 meet the waste air-stream substan-
tially at rlght-angles. Due to this and to the
path of flow which first narrows and finally
widens out, efficient admixture of air and com-
bustible gas Is produced.

Instead of the gas, liquid or pulverised solid
fuel Injected by alir heated to & lower tempera-
ture, may also be used, The mixture of air and
combustible gas lgnites agalnst the hot walls of
the chamber 113, that is unless ignition has not
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already taken place during mixing on account of
the high temperature which, for example lles
between 600° and 650° C. During the combus-
tion the temperature rises for example to 1100°
C. At this temperature the gases flow out of the
aunular chamber 114 into the spaces of the heat
;iorage materlal §12 to which they give up their
heat, so that as above-described with respect to
the heat store 10’ they are cooled in the cham-
ber 115 and from the latter fow through the
slide valve 116 to the outflow branch (18 and
thence into the exhaust air condult 119.

Afler the heat storage materlal has been suffi-
ciently heaied up in this manner it will be
changed-over in the same way as described for
the heat store 110°, the valve 124 which allows
ilie combustible gas to pass belng closed by the
control device or in the case where 1t is an auto-
m.atic valve due to its own welght and on account
of the excess pressure which ig formed in the
storage chamber. The heating up of the com-
pressed air supplied through the branch 120 thus
egins which air, however, 1n the heat store 110
is heated to a much higher degree than in the
heat store 110’, for example, up to about 1100° C.

The heating of the combustible gases which are
supplied through the conduit 111 to the heat store
110 takes place in the heat-exchanger 105 which
is heated by a part of the exhaust air heated to
for example about 650° C. For this purpose the
combustible gas is supplied, at a pressure slightly
above atmosphere which may be produced by a
fan (not shown), through conduit 127 to the heat-
exchanger 105 which consists of a large number
of parallel cells into which the combustible gas
enters at the bottom. In this the combustible
gas flows upwardly in the cells and leaves the lat-
ter through the conduit 128 and passes Into the
annular conduit 129 to which the branch conduits
111 leading to the stores 110 are connected.

The numerous cells of the heat-exchanger 105
are contacted on the exterfor by the vertical
downwardly directcd stream of the hot exhaust
air which in complete counter-flow to the rising
combustible gas, gives up its heat to the latter
and leaves the lower end of the heat-exchanger
§05 In a cooled down condition,

In this way that part of the exhaust air which
gives up its heat to the surface heat-exchanger
105 1s cooled down just as much as that part of
the exhaust air which is led through the heat
stores 110 and 110’ and then passes into the an-
nular chamber 119. The cooling down of the two
fractlons of the exhaust air to the same temper-
ature can be effected by controlling the amount
of the exhaust air led through the heat-exchanger
106 by means of the throttle flap valve 130 oper-
ated by hand or thermostatically. With thermo-
statlc control the arrangement is such that the
adjustment of the throttle valve 130 is responsive
to the temperatures In the exhaust air condult 131
and in the annular condult 19.

The entire heat storage system is operated so
that one or other part of the heat stores 110 and
110’ is always being heated whilst the rest of the
heat stores gives up its heat to the compressed
air to be heated. After the change-over, the
previously heated heat store glves up its heat to
the compressed air whilst the heat stores previ-
ously cooled by the compressed air are heated up.
In this way the heat exchanger 105 in which the
combustible gas is pre-heated always operates In
the same way. With this type of operation the
compressed air In the heat stores 110 will be
heated very much higher, for example to 1100° ¢



257,818

than in the heat stores 110’ {n which the alr is
heated to a less degree, for exaniple only to 600°
to 650° C. If for heating the compressed air to
the higher temperature double as much heat
storage 110 is provided as heat storage 110’ for
lower temperatures the different amounts of com-
pressed air at the high and lower temperatures
will be mixed in the annular conduit 123 and will
then flow with anh average temperature, of for
example 950° C, through the conduit (62 upwardly
to the hot air engine.

This heating up of the compressed air to differ-
ent values is effected so as to produce a particu-
larly advantageous output control of the hot air
engine. If the output of the hot air engine s to
be reduced the amount of the alr sucked in by the
air compressor can be throttled in known man-
ner, In this way the weight of the air com-
pressed thereby as well as the pressure ¢f com-
pression is reduced. Instead of throttling the air
sucked In by the alr compressor the speed of ro-
tation of the alr compressor can also be reduced
in also known matner which also causes the
welght of air and the compression pressure f{o
fall. Further, in each of the two above cases the
amount of the combustible gas which is supplied
to the heat-exchanger 165 may be reduced, for
example by throttling the amount of gas sucked
in by the fan which conveys the combustible gas.
Nevertheless the weight of the combustible gas
should not be reduced in the same ratio as the
weight of the circulated compressed air, but to a
somewhat greater extent If, as is desirable, the
same exhaust air temperature in the conduit 103
should be produced as on full lcad, since due to
the smaller compressed air pressure the expan-
sion ratio for the hot air engine has been reduced.

Corresponding to the smaller expansion ratio
and the smaller supply of fuel, the alr temper-
ature in the conduit 102 leading to the power en-
gine should be lowered. This is effected by caus-
ing not all the heat stores 110 and 110’ to be tra-
versed in the same ratio with smaller amounts of
alr and gas but primarily those amounts of heat
delivering exhaust air and heat absorbing com-
pressed air will be reduced which are conveyed
through the heat stores 110 having combustion
chambers and further to about the same degree
as the amount of reductlon of the combustible
gas. In this way the temperature to which the
heat storage material of the heat stores 118 is
heated up remains substantially the same, that is,
Ior example 1100° €,

Purther, after the change-over an amount of
compressad air proportioned according to the
smaller amount of the heating-up gas will be led
through this heat-exchanger. In this way the
amount of compressed 2ir which is heated to the
higer temperature of, for example 1100° C is much
smaller in proportion to the amount of com-
pressed air heated to a less degree in the heat
store 110’ than at full load. This results in a
correspondingly lower mixture temperature being
produced for the compressed air supplied through
the conduit 102 to the hot air engine,

The purpose of this control is 10 maintain the
temperature conditions of the heat storage ma-
terlal of the heat store at the same value even
at partial load as at full load, although the com-
pressed air passing to the hot air engine has a
lower temperature. This is of great importance
in order to allow a hot air engine which has
cperated for a long time at partial load to be
hrought rapidly again to full load. If the tem-
perature conditlons of the heat storage mass
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were to vary with the load, a certain period
would always elabpse before the heat storage ma-
terlal had adapted ltself to the new conditions.
This would not only cause a delay in Llie output
regulation, but also with the reduction of the
output above all compressed air of lower pres-
sure than at full load, but stil! with the same
temperature as at full load, would pass Intg the
Lot air engine. Those engine members which
would come in contact with expanded air of
higher temperature would thus be exposed to
harmiul influences.

The above-described regulation may be effected
with each heat store by & device which is illus-
trated In Fig. 13. For moving the controlling
slide valves |!6 there is provided a power cylin-
der 132 having a piston 133. The two ends of the
cylinder [32 are connected by conduits 134 and
135 with a control chamber (36 in which is lo-
cated & control slide valve 139 which is pressed
upwardly by a spring 13T against the end of a
lever 138. The other end of the double-armed
lever 138 bLears through a roller 140 against a
cam 141 which s slowly rotated by a driving mem-
ber, for once per minute. The cams |41 for all
the nine heat stores are arranged In succession
on a common shaft and the nine reshective con-
trol valves 139 are contained In a common con-
trol chamber 138. The cams are relatively dis-
vlaced in the direction of rotatlon so that the
Leat stores are changed over in succession at the
same intervals.

The rotatlon of the shaft on which the cams
are mounted may be effected by an electric driv-
ing moter 142 which also drives a pressure oil
rump (43 with which It is preferably directly
coupled. For driving the cams there are In-
serted between the shaft of the motor 142 and
the shaft of the cams 141, for example two worm
drives 144 and 145. The pressure oil pump cir-
culates the regulating pressure oil from the cham-
ber 145 which is not under pressure into the air
chamber 147 which In turn is connected with the
annular chamber 148 with the control slide valve
139 and through a safety valve (49 with the
chamber 146.

By the actioh of the rotating cams 41 and the
springs 137 the control slide valve 139 is brought
by meansg of the lever (38 during each half-ro-
tation of the cam 131 alternately into the upper
and loWwer positions. Thus the oil stream pass-
ing throueh the conduits 134 and (3§ is changed
over each tlme, and thus causes the piston 133
anhd therewith the slide valve |I8 to be moved
upwardly or downwardly and to remain in the
final position until the next changeover is ef-
fected.

The final position of the piston 133 and of the
slide valve 116 is, however, in the stores (10 hav-
ing the combustion chamber not always the same,
but is determined by a control wedge 150 agalnst
which abutments 152 and 153 rigidly connecied
with the valve rod 151 bear. These abutments
are adjustable on the valve rod 151 as regards
their position.

The position of the adjusting wedge 150 dis-
placeable in the horizontal direction iz deter-
mined firstly by an adjustable spring 154 and
secondly by a piston 1585 loaded by the com-
pressed working medium. At fuli load of the hot
air engine the compressed working medium as
already abovementioned is at maximuin pressure
and thus moves the piston 155 and therewlth the
1egulating wedge 158 completely to the left. Thus
the plston 133 and the slide valve {18 can make
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thei{r maximum stroke and, therefore, the slide
valve 118 wholly uncovers the openings controlled
by it for the cooled exhaust air and the com-
pressed air to be heated.

When at partial lcad the pressure of the work-
ing air diminishes, the piston 155 and the control
wedge 150 are pressed further to the right so
that the stroke of the piston (33 and of the slide
valves |16 becomes smaller since the abutments
152 and 153 bear against the control wedge 150.
The more the pressure of the working air de-
creases with reduced output of the hot air ma-
chine the more will the controlling wedege 1650 be
displaced {0 the right and in consequence the
smaller will be thie stroke ¢f the slide valve 116
and the smaller the size of the openings uncov-
ered by the same.

The heat stores {10 without combustion cham-
bers are nhot provided with this device for con-
trolling the stroke of the slide valve 1i6. In
these heat stores 110’ the stroke of the slide
valve is always a maximum.

The valve 108 which should be opened only
when the slilde valve is in {ts upper position may
be moved automatically or during the last part
of the stroke of the slide valve (10 by the lat-
ter or may be carrled along by ithe hollow slide
valve rod 151 which is closed at the botiom as
shown In Fig. 13. In order that the heat stores
{10 shall maintain the same operating temper-
atures also with smaller loads thermostats (65
are provided (Fig. 11) which are located in the
hottest parts of the heat stores 119 and which
act on controlling members 164 by which the sup-
ply of combustible gas is adjusted so that the
temperature of the heat store at the location
of the thermostats and thus also at other points
1emains the same with all loads,

In order to ensure the ready operation of the
heat storage system operating at high tempera-
tures certaln other devices are provided.

The valve 122 which is exposed in the heat
stores 110 to the highest temperatures together
with the valve itself is provided with water cool-
ing. The supply of water to the valve and the
withdrawal of the water [rom the same may be
effected in known manner through the hollow
valve spindle. It is preferable in this case to
connect the supply and withdrawal pipes in a
flexible manner which may be effected by con-
structing the pipe surrounding the upper con-
necting head of the valve spindie 122 in the form
of a spiral. Flexible metal hoses may also be
used for the supply and withdrawal of the water.

8ince the hot alr engine arranged above the
heat storage system Is to be supported by itself,
for example ahove 1ts horizontal shaft ecompen-
sating members are provided both in the pipe
102 for the supply of hot working alr and in the
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plpe 103 for the withdrawal of the exhaust alr,
which in known manner may be fitted with pis-
ton packing or with flexible corrugated tubes.
It is also advisable on account of the high tem-
peratures to provide these compensating mem-
bers with water cooling.

Whilst in the exhaust air pipe 103 ii is sufl-
clent to construct the compensating member 156
in this manner with the compensating member
18T of the pipe 102 a special balancing device
must be provided on account of the high pres-
sure which exists In this pipe and which may
amount to for example 7 or 8 atn. abs. This
consists of draw rods 188 which engage the upper
part of the compensating member 157 and are
connected at their lower ends with a compressed
alr eylinder 159. The latter Is closed at its up-
per end by a piston 180 which presses agalnst
the casing around the annular pipe 123, The
compressed air eylinder 189 is connected with a
space which is filled with compressed working
alr, for example through a conduit 161 with the
interior of the pipe i92.

In the exhaust air condults 107 leading to the
heat stores alide valves 162 are provided and In
the exhaust alr condults 118 through which the
cooled exhaust alr passes into the annular space
119 glide valves (63 are arranged. Moreover,
care must be taken that the conduiis 111 for the
combustible gas can be shut off by hand, for ex-
ample by means of valves 164 controBed during
oberation by thermostats. In this way during
operation each of the heat stores 110 together
with its respective control members can be re-
moved and replaced by a reserve heat store, Dur-
ing this time of exchange normal operation will
be malintained by the remaining heat stores.

In those cases where a gaseous fuel difficult to
ignite is utlMsed, it s advisable as shown In Fig,
15 to cause the same to flow, before mixing with
the combustion air in the space 109, firstly to
the annular space 128 then through the channels
178 into an annular space |71 enclosed by highly
heated walls, where 1ts temperature will be fur-
ther incresaed. With this higher temperature
the gaseous fuel then flows through the channels
126 which are circumferentially displaced rela-
tively to the channels 170 Into the chamber 108
where {t 1s mixed with combustion air.

Instead of the heat stores 110 and 110’ being
arranged around the exhaust air conduit 103 in
the form of a circular ring, the rim if desirable in
view of space conditions may also be non-circular
for example the same may be oval.

The Invention can he applied to all kinds of
power engines, for example reciprocating engines
or turbines.

MICHAEL MARTINKA.
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