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der 21 of the cylinder Wall, the bore of 
which is enlarged at the outer end and 
screw-threaded to receive the external thread 
of a gland nut 22. 
The raim 3 is extended so that at the limit 

of its outward stroke it approximately 
reaches the inner wall 23 of the closed end 
of the cylinder. The rain is surrounded by a 
displacer 24, which, in the example illus 
trated, consists of a tube 25 containing a 
porous mass of, for example, fine wiles; and 
the tube 25 is held at each end in cylindrical 
blocks 26 and 27 fitting loosely in the cylin 
der bore. The displacer hoves with the 
ram for a part Only of the reciprocating 
movement of the latter. For this purpose a 
yielding connection between the i'ah and 
the displacer is provided by a spring 28 se 
cured to the wall of the displacer and car 
rying a pin 29 fitting in a lug 30 of the tube 
25 and adapted to engage in recesses 31 and 
32 provided in the ran 3. In the position 
shown in Fig. 1 both the displacer and the 
ram are at the limit of the forward stroke: 
On the return stroke the ran carries the dis 
placer 24 with it until the end 26 of the dis 
placer reaches the end 18 of the gland 12. 
The pin 29 of the spring 28 then leaves the 
recess 31 and the ran continues its move 
ment, while the displacer remains stationary. 
The space within the cylinder, not occu 

pied by the ran and the displacer, is filled 
with the working medium. for example a 
mobile alloy of mercury and lead. 

During the first part of the forward 
stroke of the ram, both am and plunger 
move together, the pin 29 engaging in the 
recess 32; when half the stroke has been 
completed the end 27 of the displacer reaches 
the shoulder 23 at the end of the cylinder 
bore and remains stationary while the ram 
continues the stroke. . 
Although in the example illustrated it is 

assumed that the longitudinal movement of 
the displacer is half that of the ram, other 
}'atios nay be adopted in dependence on the 
compressibility of the medirim and the max 
imum value of the permissible pressure. 
The cylinder is cooled by a flow of water 

or in other suitable manner at the gland end 
is heated as stated above at the closed 

eC. 

If we assume the crank actuated by the 
guldgeon 9 to be originally on the dead cen 
tre furthest from the cylinder the cycle of 
operations will be as illustrated in the dia 
grams 2–5. - 
During the first quadrant of the rotation 

of the crank the displacer 24 and the ram 
3 move together towards the closed end of 
the cylinder and the greater part of the 
working medium has been displaced from 
the hot end 23 to the cold end 18 of the cyl 
inder as shown in Fig. 2 and the volume 
has been correspondingly reduced; displace 
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ment has been effected at a constant low 
pressure. 

In the Second quadrant, the displacer, 
which reached the end 23 of the cylinder in 
the first quadrant, is stationary and the 
ram. 3 continues its movement to the end of 
the cylinder and raises the pressure of the 

70 

medium to its maximum value; all the liquid 
has now been transferred to the cool end of 
the cylinder and the 
tion shown in Fig. 3. 

In the third quadrant, the rain and the 
displacel move together from the hot to the 
cold end of the cylinder until the displacer 
arrives at the end 18 of the gland; during 

parts are in the posi s 
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this stroke the liquid is transferred from 
the cold to the hot end of the cylinder and 
is thereby expanded and the stroke is effected 
under a constant high pressure and con 
stitutes the source of power of the engine. 

In the last quadrant, the ram alone moves 
and regains its initial position and reduces 
the pressure of the working medium from 
the highest to the lowest value. 

In the first quadrant of the next revolu 
tion the piston and displacer again move to 
the heated 
above. 

In the first quadrant, the power absorbed 
is only that necessary to drive the liquid 
through the displacer from the hot to the 
cold end of the cylinder and to overcome the 
friction of the moving parts. The power 
absorbed in the second quadrant, except for 
frictional losses, balances that given out in 
the fourth quadrant. - 
The relation between the diameter of th 

ram and the Sectional area of the solid con 
tent of the displacer is determined by the 

end of the cylinder as explained 

expansion of the medium due to the actual 
change of temperature. - 
The maximum temperatures and pressures 

employed are limited by the strength of the 
metal of which the hot end of the cylinder is 
composed. 
As the temperature of each portion of 

the liquid must be raised and then lowered 
in every revolution of the crank, it is im portant that the displacer should provide a 
large conducting surface relatively to the 
mass of the contained liquid. - 
In the arrangement illustrated there are 

no valves and only one gland and the same 
mass of liquid remains, without alteration 
of state in the cylinder throughout the work 
ing of the engine. . . - 
Having thus described the nature of the 

said invention and the best means I know of 
carrying the same into practical effect, I 
claim :- - 

1. A heat engine, comprising in combina 
tion a cylinder and means for maintaining 
the ends of the cylinder at a constant differ 
ence of temperature, a ram adapted to re 
ciprocate within said cylinder, a displacer 
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reciprocable in the cylinder, means for con 
necting the displacer with said ran to be 
jeciprocated thereby during part of the 
stroke of the ram and to be idle during 
another part of the stroke thereof, and a 
liquid in said cylinder alternately moved 
towards either end of the cylinder by said 
displacer. 

2. A heat engine comprising in combina 
tion a cylinder and means for maintaining 
the ends of the cylinder at a constant dif 
ference of temperature, a ram adapted to 
reciplocate within said cylinder, a displacer 
reciprocable in the cylinder, means for con 
necting the displace. With said ram to be 
reciprocated thereby duling the first part of 
the stroke of the ran and to be idle during 
the rest of the stroke thereof, a liquid in said 
cylinder alternately moved towards either 
end of the cylinder by said displacer, a crank 
shaft, and means operated by said ram for 
causing said crank shaft to rotate. 

3. A heat engine comprising in combina 
tion a cylinder and means for maintaining 
the ends of the cylinder at a constant dif 
ference of temperature, a ram adapted to 
reciprocate within said cylinder, a displacer 
reciprocable in the cylinder and having 
means for yieldingly connecting it with said 
ram, means being provided for limiting the 
movement of the displacer so that the latter 
reciprocates through a portion only of the 
stroke of said ram, and a liquid in said cyl 
inder alternately moved towards either end 
of the cylinder by said displacer. 

4. A heat engine comprising in combina 
tion a cylinder, a source of heat at one end 
of said cylinder and a cooling agent at the 
other end of said cylinder, a ram adapted 
to reciprocate within said cylinder, a dis 
placer reciprocable in the cylinder and hav 
ing means for connecting and disconnecting 
it with respect to said ram to reciprocate 
therewith during one part of each stroke of 
the ram and to be idle during another part 
of each stroke thereof, and a liquid in said 
cylinder alternately moved towards either 
end of the cylinder by said displacer. 

5. A heat engine comprising in combina 
tion a cylinder, a displacer loosely fitting 
in said cylinder, a reciprocatory ram within 
said displacer and having means for inter 
mittently connecting it to said displacer to 
cause reciprocation of the latter during part 
of each stroke of the ram, a liquid alter 
nately moved from one end to the other of 
said cylinder by said ram and said dis 
placer, a crank shaft and means by which 
the reciprocating motion of said ram causes 
said crank shaft to rotate. 

6. A heat engine comprising in combina 
tion a cylinder and means for maintaining 
the ends of the cylinder at a constant dif 
ference of temperature, a ram adapted to 
reciprocate within said cylinder, a displacer 

consisting of a porous material loosely fit 
ting in said cylinder and having means for 
intermittently connecting it to said ram to 
cause reciprocation of the displacer in said 
cylinder through a part only of the stroke 
of said ram, and a liquid in said cylinder 
alternately moved towards either end of the 
cylinder by said displacer. 

7. A heat engine comprising in combina 
tion a cylinder and means for maintaining 
the ends of the cylinder at a constant differ 
ence of temperature, a ram adapted to re 
ciprocate within said cylinder, a displacer 
reciprocable within the cylinder and having 
means for yieldingly connecting it with said 
ram, means being provided for limiting the 
reciprocation of the displacer to a movement 
less than that of the ram, and a liquid of 
high thermal conductivity and adapted to 
withstand the required range of tempera 
ture without change of state. 

8. A heat engine comprising in combina 
tion a cylinder and means for maintaining 
the ends of the cylinder at a constant dif 
ference of temperature, a ram adapted to 
reciprocate within said cylinder, a displacer 
reciprocating in said cylinder, a liquid in 
said cylinder alternately moved towards 
either end of the cylinder by said displacer, 
and means for connecting and disconnecting 
the ram and displacer by which, when said 
displacer has transferred said liquid from 
the hot to the cold end of said cylinder, the 
ram moves on alone to raise the pressure of 
said liquid, and, when said displacer has 
transferred the liquid from the cold to the 
hot end of said cylinder, said ram moves on 
alone to reduce the pressure of said liquid. 

9. A heat engine comprising a cylinder of 
relatively great length and small diameter, 
one end of the cylinder being maintained at 
a high temperature by an externally applied 
Source of heat, and the other end of said 
cylinder being cooled by a cooling agent, a 
ram reciprocating within the cylinder, and 
a displacer having means for yieldingly con 
necting it to the ram and moving with the 
latter through part only of its stroke, said 
cylinder providing stops for limiting the 
movement of the displacer. 

10. A heat engine comprising a cylinder 
of relatively great length and small diame 
ter, one end of the cylinder being adapted 
to be maintained at a high temperature by 
an externally applied source of heat and the 
other end of said cylinder being adapted to 
be cooled by a cooling agent, a ram recipro 
cating within the cylinder, a displacer mov 
ing with the ram through part only of its 
stroke, the ram having recesses in its pe 
riphery, and a spring pin carried by the 
displacer and adapted to engage in said re 
cesses and release the connection between 
said ram and said displacer when the latter 
reaches either end of the cylinder. 
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11. A heat engine comprising a cylinder 
of relatively great length and Small diame 
ter, one end of the cylinder being adapted 
to be maintained at a high temperature by 
an externally applied Source of heat and the 
other end of said cylinder being adapted 
to be cooled by a cooling agent, said cylin 
der being closed at the heated end and open 
at the cooled end, a ram reciprocating with 
in the cylinder, a gland at the open end of 
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the cylinder forming a guide and support 
for said ram, a displacer having means for 
detachably connecting it to the ram to move 
with it through a part only of its stroke, 
and a liquid alternately moved by the dis 
placer from One end to the other of the 
cylinder. 

In testimony whereof i have signed my 
name to this specification. 

JOHN FOX JENNIENS MALONE. 
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