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To all whom it may concern:

Be it known that I, Tvar Xosxe Fog, a
subject of the King of Demnark, residing at
Copenhagen, Denmalk, have nvented new
5 and useful Impl oveients in and Relating to
Fluid-Pressuve Engines; and 1 do hcreby
declare the following to be a full,-clear, and
exact description of “the same.

This
engines or driving devices.

In piston engines as hitherto constructed
the power developeu relatively to the size of
engine is rather limited owing to the fact
that in each engine the average plsi‘on speed
must be held below a compuwtlvely Tow
maximun’ value because the pressure of the
driving medium used (such as stean, gas or
compressed air) cannot be made su[ﬁmenﬂy
oreat to ‘cause a very rapid acceleration of

invention relates to. fluid pressure:

thc masses of the piston and the reciprocat-'

ing parts connected thereto. ~Another draw-
back in the known types of piston engines 1s
that a loss of power i necessarily sustained
due to friction in stuffing-boxes, in the cross-
head, in the connection between connectino
rod and crank-pin ete. Although such losses
can be made small, especially in large ‘md
well constructed engines, yet the mechanical
efficiency of the engines cannot be made ap-
approximately equfll to 1.
The object of the present invention is to

provide an engine or driving device capable.

of developmo a high power in comparison to
its size, and in which the mechanical losse

are made ag small as possible. This ob]ect
is attained partly by so constructing and ar-
ranging the engine that the pmton, where

such is used can attain an extremely high

velocity and partly by materially reducmo
the number of parts through which the
power Genemted by -the expansion of the
driving ﬂmd, ar ‘m,:msl.emed to the energy
‘consumer,

According to the invention the whole cyl-
inder or its end cover s, from the former or
latter-of which the generated power is taken
off, are movable in the direction of the axis
of the cylinder; while the piston moves
freely (without any piston or connecting-
rods in the cylinder under the influence of
the driving _ﬁuld which 1s supplied alter-
nately to the oppoesite ends of the cylinder.
Thus it is understood that the pressure of
the driving fluid is not transferred by means
of the piston to the energy eonsumer, but the

oergy
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piston operates as a movable pressure bot-
tom, so that the reactions of the forces act-
ing upon the piston cause the cylinder (or
its movable covers) to reciprocate. This re-
ciprocating movement of the cylinder or its
covers is drecﬂy transferred to the energy
consumer which latter may be electrical or
mechanical. ‘

The number of reciprocations of the en-
engine per unit of time is dependent upon
the weight of the piston, and consequently
the maximum number of reciprocations is
obtained swhen the piston is wholly omitted.
In the latter instance the sole weight of the
driving fluid creates the-above mentioned re-
action,

The invention will be further eexplained
with reference to the accompanying draw-
ings in which are shown diagrammatically
some example of construction of the engine
according to the present invention.

Tn the said dr awings— .

Fig. 1 is an axial section through an en-
gine havm(r a heavy piston prmuded with
channels for distributing the driving fluid;

Fig.-2 shows an elev thmn and partly sec’
tional view of an engine provided with a
light piston and valve gear;

Fi ig. 8 is an axial section through an en-
gine Wolldng
principle ;

Fig. 4 1s a longitudinal section of an en-

gine provided with mutually connected slid-

ing cylinder end covers, the diameter of
which is equal to that of the piston; -

Fig. 5 ghows in a similar manner a longi-
tudinal section of an engine, in which the
sliding cylinder covers and the plston h'ne
different diameters;

Fig. 6 is a plan view of an engine the in-
terior parts of which may be constriicted: in
a2, manner similar to that indicated in Fig. 4,
the connection between the movable cyhndel
covers lying, however, outside the cylinder.

The following charvacteristic features ‘are

common to all of the ex: amples of construe-
tion shown in Figures 1--3.

The cylinder which is closed at both ends
and arvanged to move axislly to and fro is
supplied aMelnatolV with pressure energy ab
opposite ends, so that the mass of the plot(m
movmo fleely, in the cylinder without the

156 of connecting vods, or in the case of =

plqton -less engine, the mass ot the expand--

Ing fiuid, owing to the expansion of the lat-

on the:internal combu stlon.
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tor receives energy in the form of kinetic
energy. The evlinder likewise recelves en-
ergy. 1n the form of kinetic energy, but in
the opposite divection to that of the pisten
or the expanding fluid, and in such a man-
ner that compression takes place, at the end
of the cylindey where no expansion occnrs
at the moinent,

Thus when the expansion and the com-
pression are completed the relative veloeity
betwesn the piston and the eylinder is at

zero.  Part of the kinetic energy is con-
verted into pressure energy whercas the

balance of the generated energy minus the
power losses 1s taken away from the en-

gine from outside by braking the movement-

of the eylinder.

At the moment when the relative speed:

is at zero (the piston or the driving fluid
is standing still with respect to the cylin-

der the expanded fluid is exhausted to an.

extent which forms the equivalent: of the
energy taken away frem the engine (the
available energy) plus the power losses.
The available energy is taken away. {Tom
the cylinder by braking its veciprocating
movement as stated above.

The various constructions ilustrated in
Figures 1-3 will now be deseribed.

In the constiuwetion shown in Fig. 1, the
engine Is supplied with the driving fluid,
stel ag steam or compressed air, through
o flexible hose or tube 1, an inlet branch 2
and a circumferential groove or channel 3
formed in the wall 4 of the cylinder, the

3

fatter heing closed al hoth ends by cov-

1 the position of {he pisten 7 shown
he drawing o conduit 6 in the piston

communicates  with  the

groove 3, so that the driving fuid streams

¢
i

to the left. end of the cylinder 4 thereby
foveing the piston 7 towards the right- evl-

inder end.  When the connection hetween
the channel 6 and the groove 8 is shut off
no more driving floid is admitted, and the
expansion of the fluid in the leftend of the
cvlinder then cominences. At the same time
the right end ot the cylinder 4 is in com-
munication with the exhaust passages 8
and 11 and the exhaunst takes place partly
through the outlet branch 9 and the flexille
hose 10 and partly through the bore. or
channel 14 of the pisten, the ountlet branch
12 and the {flexible hose 13. The piston
moves constantly towards the vight and si-
mulianeousty the evlinder 4 moves townrds
the left. As soon as the right end of the
piston 7 and the outlet of the conduit 14,

terminating at the cylindrical surface of the
piston, pass the exhaust passages 8 and 11.

==

vespectively the exhaust is cut off, and com-

pression hegin in the right end of the
cylinder.  When the left end of the piston
{ and the inlet -opening of the. conduit. 6

civenmferentinl.
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reach the passages 11 and 8 respectively,
the exhaust of expanded fluid from the left
end of the cylinder begins, and when the
inlet. opening of the condwit 14 comes in

to communication with the groove 3 the
driving fluid is admitted to the right end

of the cylinder. Just a moment later the

relative velocity between the cylinder and
the piston becomes zero, whereafter the

movements are continued in directions op-
posite to those above indicated; and in this
manner the operation of the engine con-
tinues.

The cylinder 4 is guided during its move-
ments by means of cylinder supporting arms
15 which are adapted to slide along sta-
tionary guide rods 16.

In Figures 2.and 3 the flexible hose con-
nections-and the means for guiding the cyl-
inder are not shown.

In the construction. shown in Fig. 2 the
piston 17 is short and is not provided with
conduits. The cylinder 18 is.supplied with
driving fiuid through openings 19 in the
covers 20, the admission of fluid being con-
trolled by valves 21 operated in a suitable
wmanner not indicated on the . drawing.

The expanded fluid escapes.through the
circumferential evoove 22 and the outlet
branch 23 communicating therewith, and the
cylinder ends ave alternately and automati-
cally put in connection with this groove 22
and disconnected therefrom through the
motion of the piston as will e understood
from the above explanation of the operation
of the engine ustrated in Fig, 1.

In the construction shown.in. Fig. 3 the
pressure energy of the driving fluid is
createdd by internal combustion in the eyl
inder 24, the fuel and air being  admitted
through the branch 25, while the exhaust
gases escape . through the entlet Lraneh 26.
Thus it will be understood that the embodi-
ment-in question works on the same prin-
ciple as the well known valve-less two-
stroke-internal combustion engines. The
fuel and air mixture is ignited by means of
eleetric sparks produced between rods 81 in-
sulated from the cylinder covers and annu-
lar projections 27 upon the ends of the pis-
ton 28, said rods and projections co-acking
in & manner similar to. that of the well
known make and break contacts. The en-
gine is started by means.of a displaceable
rod 29, and during running of the engine
the available power is transmitted to the
energy consumer, (which may be an electric
generator not-shown) by means of the rod
30.

The inlet branch 25, is, by ineans of a
flexible hose such as the hose 1.shown m
Fig. 1 or by means of two, telescopic pipes,
connected with some suitable source of air
and fuel mixture, for example a carburet-
ter or a receptacle into which fuel and air
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mixture is pumped by a separate pump. Let
us now assume that the pistun 28 oceupies
the position shown. in Fig. 3 and is moving

- towards the right. - The left cylinder space

o

10

then contains expanding combustion' gases

and the right cylinder space contains a mix-
ture of fuel and air, This charge is com:
pressed during the movement of the piston
towards the right, and when the left hand
end of the piston uncovers the branch 26,
the exhaust begins, and during a short move-
ment later the piston end also uncovers the
inlet branch 25 whereby the fresh charge
will rush into the cylinder, forcing the re-
mainder of the exhaust gases out through
branch 26. The compressed charge in the
right end of the cylinder is then ignited so
that the piston is driven towards the left,

~and so on. .
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The construction of the invention shown
in Figures 4, 5 and 6 differ from those
shown in Figures 1-3, in that the covers of
the cylinders are movable as pistons in the
cylinder and are mutually connected by
contecting rods lying insideé or outside the
cylinder. By this arrangement the cylin-
der proper can be made stationary so that
the use of flexible hose connections can be
obviated. “The reactions of the forces act-

ing upon the pistons cause the cylinder cov--

ers to move to and fro, and this reciprocat-

ing movement of the covers is transferred

dirvectly to the energy consumer:
The Jength of the travel of the movable

- cylinder covers with respect to the length

of the travel of the piston may be varied by
making the movable cylinder covers of a
diameter different from that of the piston.

In Fig. 4 the cylinder is designated by
37, while 88 and 39 are the movable cylin-
der covers; 40 the piston, 41 a rod connect-

Jing the covers with each other, and 492 a rod

for transmitting the power generated.
In Fig. 5 the part 43 of the cylinder in

- which the piston 46 reciprocates freely has

a. diameter different from the diameters of
the cylinder ends 49 and 50 in which the

covers 44 and 45 slide, whereby the length

of travel of the inter-connected cylinder
covers differ from that of the piston. The
numeral 47 indicates a rod connecting the
covers with  each -other, and 48 is a rod
whereby the power generated may be trans-
mitted to the energy consumer. '

Fig. 6 shows a construction in which the
movable covers (not shown) of the eylinder

58 are mutually connected-by means of rods
62, transverse pleces 60 .and connecting bars

59, The ‘power generated s transmitted
by means of the rod 61 which is fixmly con-
nected to the cylinder cover unit.. . ‘
It should be noted that the word  cylin-
der ” as used in this description and the fol-
lowing claims is not restricted to the ordi-
nary ‘meaning of this expression, but is in-

tended to cover all such oblong containers
and the like in which an elastic fluid ex:
pands for the purpose of generating power.

It should also be noted that where in this
specification ‘and  the claims I refer to a
freely-sliding piston or a freely-reciprocat-

ing piston, these terins are intended to cover.

a piston which reciprocates in the cylinder
under the influence of the ‘driving fluids
withotit the use of mechanical connections,
5o that the piston does not transmit useful
energy to exterior parts but serves only as
a ‘recoil element and to compress the fluid

-alternately at opposite ends of the cylinder.

Having this fully deseribed my invention
I claim as new and desive to secure by Let-
ters Patent: ‘

1. An engine or driving device compris-
ing a cylinder, means, for supplying driving
fluid, alternately to the opposite ends of the
said cylinder, means for exhausting said
driving fluid when expended, a piston
sliding freely in said cylinder and adapted
to reciprocate therein under the influence of
the driving ‘fluid, said piston not being
mechanically connected with any other part
or parts of the engine and serving only as a
recoil element and to compress the driving
fluid alternately at opposite ends of the cyl-
inder, and wmeans independent of said pis-
ton for transmitting the power generated
by the expansion of said fluid.

2. An engine or driving device compris-
ing a.cylinder arranged for rveciprocating
movement in the divection of its axis means
for supplying driving fiuid alternately to
the opposite ends of the said eylinder, means
for exhausting said driving {luid when ex-
panded, and a piston sliding freely in said
cylinder  and acted upon alternately by the
driving fluid. from opposite ends of the cyl-
inder, said . piston not being mechanically
connected with any other part or parts of
the engine and said piston being adapted to
act as a yielding pressure-bottom for caus-
ing the reaction of the forces acting upon
the piston to impart a reciprocating move-
ment to the eylinder, :

3. An internal combustion engine or
driving device comprising a cylinder, means
for supplying fuel and air alternately to
he opposite ends of the said ¢ylinder, means
for exhausting combustion products formed
by combustion of said fuel, and a piston
sliding freely in said cylinder and adapted
to reciprocate therein under the influence
of the expanding combustion products said
piston mnot: being. mechanically connected
with any other part or parts of the engine.

4. An internal combustion engine or driv-
ing device comprising a cylinder arranged
for reciprocating movement in the direction
of its axis, means for supplying fuel and air
alternately to the opposite ends of the said
cylinder, means for exhausting combustion
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products formed by combustion of said fuel;
and a piston sliding freely in said cylinder
and acted upon alternately by the.combus-
tion products espanding in the  opposite
ends. of the cylinder said piston not being
mechanically connected-to any other part
or parts of the engine:

In testimony whereof I have affixed my
signature.in presence of two witnesses:
IVAR KOBEE FOG.
Witnesses:
Vicco. Bron;
Ceon V. Scxour,




