e Modeld © " 5 Sheets—Sh -
(o Hotel) G, 0. & W. EIMECKE.

- | DOUBLE AGTING HOT AIR ENGINE
NO._270!03 - SR o Pate

N2 NN
sz
_..\

od Ja,n. 2, 1883.
77

———— ..

£ ﬁlﬁﬂﬁu 'A"_.__L\.- _./L____

_ \//‘!rl

_SSSSYE

AN

r
a -
|
L LY
= A o F oy Yl Ll idd
- ol AF g g aw wk I a o aroul w e &N LK}
‘\"\- "

£
\. -\I

mw h,

AN
N
7

AR RAVELVRRRRRR
]

“I.""ﬂ, b S T S Ny S S

’
Vae
§
N

&

T T T T T T P T

: ' ’ ‘ I :
NN s | nasmane * il =112 r

T FE)

’ i ?’f’fff!‘fff;fffﬁ LIS

7

a
Y 5
Ly
Wi &

\

2 -

Q“'ﬁr

)
S
N gy

)
¢

AN

FAFd,
‘\".

O 11111:\&\.

i,

+——|-'1-: - .-- —
|} ;i';
Ey In

TS,

s

llllllllll

o

i
<:>

|
H
|
]
) H
3 H
- oy
: - ;’
! )
' 1
' '
i k
[ ]
' i
il A, F

AR FTT WP LD ST ELF
- . p

o

- 6w
. -
ﬁ"".— M FEEEFELEFEFEEyyrrEy,

T,

11111111111

‘\."\.‘\.‘\.1.'\.‘&11111111\1\.1111\1\11

1‘1‘“\1’\.‘\\\1\1‘1\1\1\

AR Z

N

Wy Ty o
Yy \
";,. .

T oy
N

—HOE

N
Y,

Il

'ﬂ"

Fﬂlllll AL

-3 \. A AR .G. -. l. - . . I
||||||||||u»| =/ X/ -

Gaes %ﬁ%gch

b * Nelhe Z,;;L _Z’ z mé’G
MW.7 2 R - 2{7 : ;—7;,30:-- Mb/

" N. PETERS. Photo-Lithographer, Washington, B. C.




(No Model,) - ; . - . - 2 Sheets—-Sheet 2.
" @,0. & W.EIMECKE. o
DOUBLE AOTING HOT AIR ENGINE.

‘No.270036.  &a  Patonted Jan. 2, 1983,

1--—-—-1
P —
1 .
N
— -#IT—!—I--.

L]
—

fig.

o)
_@‘

ek iy wer Em e W .
ol B . W W A [

\\\\\\\\\\\\\‘h\\\\“ .

- B B S kel gy -
el N e L R

h. .

ar -

L TSRRNRNRRSNE

l\:
:‘\-

77
/7

) \m f
""_.”"' .

__ N4 ffﬁf

ﬁ\\mﬁl%\) /‘ ’
| *ﬁ 3

|
ﬂ.@..-_.-l A

ﬁ =N

__ \*T\

/..m _‘{ Vl"f/l.. .

A'ff.r

VAT SIS/

£

Aﬂffffffffﬂfff

————— e T T SRR ey e L E——

N TTTTEESIETTFTIETEFNIITII IS ..

™.
X

e Sy

I hR R)Re-

4
<

ONONNY

T

1%
ﬂ

7
%\;,_
'L

\ll:

WE .

ot

...........
T I TN L

F-l

N

e e e e e

it\\x\‘- :
ALY

MANRRNARSEES

—_—— e ——— —— ———

(0PI =

N T T T TR

fiﬁ?f?ff@

[ . HML‘

ngf/ 67MJ‘J€J | R - q ,_2_7112/6?0&‘? o

O N -y )

el Z??v‘_lx 7277

é(/%//“‘//d,u% _ By « Hoelort M@v@_ %

M. PETERS. Phaoto-Lithographer, Washingtor. D. C,




o o

o1y _ 1d ¢
. cylinderisarranged to be heated by a furnace,

~the movements of the piston. R

@

~ Unrrep States Patent Orpice.
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To all whom it may concern :

B PRUSSIA, GERMANY.

Id—

. DOUBLE-ACTING HOT-AIR ENGINE.

.:SPE'GIFICATIO_N forming:_p_arti_of Lietters P_a,tent No 270,036;&&138(‘1 January 2, 1883,
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Be it known that: we, GUSTAV. E'IMEGKE,

Orr0 EIMECKE, aud WILHELM EIMECKE,

sabjects of the Duke of Branswick, and resi-
deuts of Brunswick, in the Dunkedom of Bruns-

wick, German Empire, have invented certain
‘new and useful Improvements in Hot-Air En-

~ gines; and we do hereby declare the following

- to be a full, clear, and exact description of the
sawme, reference being had to the accompany-
Ing drawings, forming part of this specifica-

“tion, and to the figures and letters of reference

~ marked thereon.

-~ cool or at a comparatively low temperature,
~the air within the cylinder being ehanged from
one end to the other alternately by the action

- This in'ventiim_l'rélate_s: to that class of hot-
alr engines in which one end of the workip

while the other end is by suitable means kept

~of a displacer, which is caused to change its

- of devices for effecting the changes of position

The objects of the invention are to provide
a simple and accurately-operating combination

~of the displacer; to prevent the undue heat-
. Ing of the displacer, and a consequent disad-

.I R :30-

vantageous communication of the heat there-
by to the air in the cold end of the eylinder; |
- toobviate the hitherto existing retarding effect

of partial’ vacuum and compressions dharing

certain portions of the stroke of the piston,

. andtoinsarean evenness of speed and force in-
- . With these objects 1n view the invention
. _consists 1n certain novel constructions. and

the operation of the engine.

- combinations of devices, which will be herein-

~ after described with reference to the accon-
- 40 e

panying drawings, in which— =
. . Ihgure 1 is a side elevation of a hot-air en-

- gine constructed according to my invention.
~ Fig.2 is an end elevation of the same, the view
~being taken in the direction indicated by the
arrow at the left of Fig. 1. Fig.3isa view
~mainly in vertical section on the line #  of
o - Ihg. 2. Fig. 4 is a detached view of devices
- foroperating a valve to relieve the cylinder of’

| the same purpose.

lower and cooling the upper portion of said

overpressure, Fig. 5 is an enlarged diamet-

ric section of the piston and its slide-valve zo

and a view of the connecting-rod and crank in

. elevation, the parts being shown as when the
‘piston is commencing the latter half of its out-.

stroke. Tg. 6 is a similar view, showing the

| parts as when the piston 1s .commencing the gz

latter half of its instroke. Tig. 7 is a de-
tached top view of a ring forming a part of
the piston and containing air-passages, thear-
rangement and purpose of which will be here- o
inatter explaiped. Fig. 8 is an edge view of 6o -

- the said ring. TFig.9is a diametric section of
‘the piston and attachments, illustrating a modi- L
g | fied arrangement of air-passages for permit-
‘ting access and egress of ‘air to and from the

cylinder through the piston. Figs. 10 and 11 b5 -
are views mainly in section at right angles to ~
the plane of section in Fig. 9, illastrating far-

ther the modified arrangemeunt of air-passages -

‘and showing the valves controlling the same. =

Fig. 12 is a vertical section, and Fig. 13 a 70
transverse section, showing the cylinder pro- -
vided at its side with a direct-acting slide-
valve for:permitting access and egress of air;
and Kig. 14 1s a vertical section, and Fig.15a .
side elevation of the cylinder, showing the 75 .. -
same provided with a rotary slide-valve for ~

Referring to Figs. 1, 2, and 3, the letter r
designates the working cylinder, the lower por-

| tion of which is arranged within a furnace, B, 80
‘while the upper portion extends through a

cold-water reservoir, D, mounted on pillars B,
provision being thus made for heating the

cylinder. S 85
P is the piston, which plays in'the cylinder.

¥, and Q is a connecting-rod by. which the.

Diston is connected to the crank-pin of a erank,

‘G, which is fixed upon one end of a driving-

shaft, U, mounted in bearings at the top of go
standards O O, standing upon the top plate of ~
reservoir D, said shaft carrying the fly-wheel

'Y and the belt-pulley 4. The piston P is pro-

vided with a hollow piston-rod, M, throngh
which plays snugly a rod, I, extending into the g5
cylinder and carrying thereon the displacer H,




~J

the particular constrauction of which will be | inder and drmng it to the lower portlon,-

nresently described and explained. The pis-

~ ton-rod plays vhrough a guide-bearing, L, sup-

ported in-a frame, L/, mounted upon the upper
end of -the cslmdel.

The upper end of the rod I carries a eross-
head, W, to which 18 plvoted one end of a link,

-V, the other end of which is pivoted to the eud

Io

.IS

of an arm, T, pl’Q]GthIlg‘ laterally from a short
shaft, Ii, mounted in bearings on standards ee¢,
the feet of which are secured to a base-plate
attached to the top plate of reservoir D.

- Projecting upwardly from the shaft E is an-
arm, S, the upper end of which is pivoted to |
one end of a link, R, having its other end piv-

oted on the crank- pm of crank C, said pin be-

. 20

ing long enough to properly hold both the said
link and the connecting-rod Q.

The main operative parts of the engine have
now been described, and to cause their opéra-

tion a fire must be kept up in the furnace B

.30

and a constant- supply of cold water main-
tained in the reserveir D aud surrounding the
upper portion of the cylinder F. The supply
of cold water is provided by a pump, ¥, located
in the reservoir, and having its plunger-rod
conuected with an eccentric, #, on the shaft U,
an overflow-pipe, Z, carrying off the surlace

water. To start the engine after the lower part.
of the cylinder has bDecome properly heated, -
the fly- wheel is turned by hand until the platou |

~ is at the limit of its instroke and the displacer

elevated. The air, becoming heated and, ex-

- panded in the lower portion of the cylmder,

35

T 40

will then force the piston upward. It will be
seen that when the piston risesin the cylinder
rotary motion will be communicated to the
shaft U through connecting-rod Q and crank
C,and at the same time a rockm_g motion will
be communicated to shalt E from crank C
through link R and arm %, causing the shaft
I to vibrate the arm T, which, through the
link V, causes a vertical reciprocating motion

- of the rod I through the hollow piston-rod M,
45 -the movement of the rod 1 being so timed that

it will carry the displacer H alternately to op-
posite sides of the cylinder, to cause changes

~ of the bulk of the air theérein with proper rela-

50

tion to the movements of the piston—that is,
when the piston commences the upper half of
its outstroke the displacer begins to descend,

| displacing the hot air from the lower portmu

55

60

of the eylinder and causing it to flow up be-
tween the displacer and cylinder to the upper
portion of the latter, where 1t will become
cooled and lose its tenqmn so far that its re-
sistance to the instroke of the piston will be

overcome by the momentum of the fly-wheel.

The cooling of the air will also produce a tend-
ency toward a vacuum, which will enable the
external pressure upon the piston to assist in
impelling it through the instroke.
placer continues to descend until the piston
has completed the first half of its instroke,
and then begins to ascend, displacing the

- cooled air from the upper portlon of the cyl-

respectively kept hot and cold.

The dis- |

270,036

where by the time the piston completes 1its

instroke it will have become heated and ex-

pand to such a-degree as to force said piston
upward again on its outstroke at the proper
time, in which, as already explained, the dis-
placer will begm to descend and repetition of
the actions,as desecribed, will continue as long
as the opposite portions of the cylinder are
Motion may
be transmitted from the engine to other ma-

chinery by a belt pas:-‘;mg qronnd the [)11“65’ J

in the nsual manner.

During the operation’ of the engme varia-
tions in the furnace-heat are liable to produce
increase or decrease of pressure in the cylin-
der, and leakage of air from the cylinder may
SO Ieduce the 1».n::alum-‘a therein that its expan-
sion will not give full force to the piston on its
outstroke. To provide against such occur-
rences an equilibrator or air-reservoir, p, 1s ar-
ranged alongside the furnace and counected
with the apper portion of the working cylinder
by means of a pipe, 0o, in which, at o/, is ar-
ranged a suitable valve, which may be opéned
and closed as required by conuections with a
governor, G/, in the usual manner. When the
pressure in the c],lmder and consequently the
speed of the engine, is too great, the governor,
being connected by bevel-gears W1th the driv-

ing- shatt will operate in the usual manner

and thmugh the intermediate connection open
the valve o/, thus permitting a portion of the
air to escdpe from the cylinder to the equilib-
rator or reservoir p, and when through leak-
age or otherwise the volume of air in the cyl-
inder becomes so far reduced as not to act ef-
ficiently upon the piston the speed of the
engine will be reduced and the governor act
in the opposite direction to again open the
valve o/ and permt a sutficient supply of air

| to enter the cylinder to restore a proper work-

ing volume.
In the partly-sectioned view, Flg 4, are

| illustrated the connecting ﬂGVICBb betwe en the
The sleeve I plays
vertmally upon the stem !, and has pi\ oted to

governor and the valve,

its upper end the ball-arms 2 2, the inner ends
of which bear upon the top of the stem. The
sleeve is circumferentially grooved at I’ and

| into the groove project the pins from the em-

bmung prongs of the bifurcated lever #/,
which is fulerumed at the top of an arm, g
Depending from the lever 7’ is a rod, 2% con-
nected-at its lower end with a link, m,- w-hiCh
is pivoted to one end of a lever, n, the other

open and close the same.
The displacer H is formed of hnllow alr-

70

75

8¢

gC

95

100

105

[10

'-IIS

‘end of which may be connected to a valve to

125

tight cyhuduc&l sheet-metal sections A & By -

each having a tubular passage through its cen-
ter to fit loosely around therod I. The lower
section rests upon a supporting-plate, ¢, car-
ried by the rod I, and the sections are sepa-
rated from each other by intervening spaces,

‘each of the upper sections resting apon shghl:’

I30
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Spurs h”, pmJectmn* from the top of a next

lower section. By this construction it will be

seen that the heat will be very slow in trans- |

mission from the bottom section to those above
it, and when the top section enters the nupper

N pornon of the oylmder it will remain cool, not-

|

withstanding that the bottom section B sub .

jected to a very high heat, and the air in the ]

upper portion of the cylmder will not be heat—

y ed, as by old forms of displacers.

At the latter part of its outstroke, in an air-

- engine as ordinarily constructed, the piston,

['5

30

- 6'_0

h
........
.

i eulargmg the air-spaee of the cyhnder pro--
toces a partial vacaum, which has a serious
retarding effect, and a SImllar effect results

from the LOll]pIE'bSlOH of the airin the cylinder

during the latter part of the instroke. I or-

~ der to obviate the retardation resnllmo trom

20

such partial vacuum and compression, we pro-
vide ourengine withan automatic relief-valve,

which at proper times will permltmrto escape |
from the ¢ylinder as required. -
Referring to Figs. 5 and 6, the pmton P is

© shown as formed of a central portion, p %, from
25

the-bottomof which projectsaflange, p®, which
ﬁtsthecyhnder. This ﬂangelareneased dI‘OllIld'
its upper edge, as shown at P, and from this

- recess oblique passages p° lead inwardly and |

dowswardiy through the flange. Upou the |,
top of the Han ge is arranged a flexible pack-
ing-ring, , the outer margin of which is folded

down and extends partially across said recess,

~ the flap or folded portion being thin enough to

35

a0

“baveaslightlateral play in said recess.  Upon

this pa(,kmg ring. rests- a metallic ring, s, a
plan view of Whmh is shown in Fig. 7 and an.
edge view in Fig. 8. This ring has anannular

o recess, §, extendmg downward]) from its up-

per surfdce and from the bottom of thisrecess
radial [)dSb:I“Eb J lead thmugh the ring and
intersect ohhque grooves &' &' ', furmed acmsa
its periphery. - | +

Upon the top of the. ring s is pla{_,ed a ﬂem—
ble packing-ring, ¢, and upon the top of this

packing-ring is p]dLEl] an annular cover-plate,

', which is recessed around its lower edge,and
upward]v into the recess is folded the margin
of the packing-ring ¢,.in the samne manner that

the paukmg -ring ¢ is fOldEd into the recess of
5O

flange p®. Thecover-plate has formed through.
it a wrtwal passage, ?'2, which commuuwates
at its lower end with the aunular recess s in
the ring 8, an aperture being cut in the pack-

~ing-ring ¢/ to permitsuch communication. The

35

upper.end- of the passage 7 connects with a

port, d, formed through the seat o' of a slide- -

1]%, a, arranged to play in a valve-box, ¢,

- mounted upon the top plate,»’; and having an
- opeuing in its-top. A port, d’, is also formed
through said valve-seat, and communicatesat
~1ts lower end with a pdbsage,e? whichisformed
through the top plate, #, ring 8, flange p°, and

~ the iotermediate packing-rings. The sllde-_

valve a has its rod a® pivoted to it at one end,
the other end of said rod being pivoted to the
-connecting- 1*0(1 Q, SO that the vlbratwns of the | fore deserlbed

! connectmg rod will comm umcate a. reu procat |

| Ing motion to the valve.

‘mencing the latter half of its outstroke, at

which point of its movement it begins ¢ to
draw a vacuum,” which would impede its mo-

mov ed to Open its port d, and thereby estab-
‘below the piston and the external air, so that
sages?, annular recess §/,lateral passagesffj,
‘packing-ring ¢ inwardly, pas:aes through the
below the piston, thus muutemutmgthe tend-
ency toward a vacuum, In Fig. 6 the piston
is represented as com mencing the latter half

‘mence to produce a compression of the air in

an effect not provided agalnst; but at this
‘the port d’ and passage €%, and-airis thus per-

vent any resistance to the piston b3 Lompreb%
‘sion of air below it..

~ In order tofurther facilitate the escdpe and
1ngress of air, additional oblique grooves; a2,
are formed at lntervdls about tlie periphery of

,r.

said annular passage and under the packmg

‘passages, p°, in the flange p°.

‘with port d, and a portion of the air escaping

d and passage 7 to annular passage &, and,
following said passage around, it will ﬁml EXIIJ

portions of additional grooves, z°,and, forcing

obligne passages 3, forwmed inwardly and. up-
wardly through tlle cover-plate from said re-
cess. The compression below the piston will pre-

~der. It will be understood that any air fow-

‘lish communication betwem the cylinder-space

In Fig. 5 the-piston is represented as com-

aml gmoveb o x4, and, forcmg the flapof-the:

thecylinder, and bé thereby retarded were such’

ring s and interseet additional lateral passa ges,
S’y leading from the aunular recesss’. When’
|.alr enters through the valve-seat it W,],ll be-
sides passing thmugh the annular passage s
-and lateral passages f,alsoflowaround through -

ring ' to the additional passages f/, and thence
down through tlie additional grooves 2% fore:
;mg aside the flap ef packing-ring ¢ and enter» |
| Ing the. cylinder through. dddltl()ﬂdl obllque

1t will be seen thdttlw bridge-valve, while.
opening port d’, also putsit in communication

aside the flap of packing-ring t" will escape
- through the recess in the cover- pldte r and-

120

Ing against the backs of the packing-ring flaps -
w1ll force said Haps outward against the cylin-

70

‘tion; but at this point the valve a has been -

75

air enters through the valve-boxe, port d, pas-:-

80

1 recess p* and oblique passages p° to the space

of its instroke, at which tlme it would com- 85

point of the movement of the [“lthl] the bridge:
shaped slide-valve ¢ has been moved to open go
mitted to escapefrom the (,ylmder and through
the valve-box in sufficient quantities to pre-

100

to5

from the pwt d’ may pass down through port

‘through the additional pass: lgE'b /', the upper - .

vent sach air fromn flowing downward through -
the oblique grooves 22 md back to the wlm- |

125

:der-wal] 50 that they will prevent the further'f -
| passage of such airtoward the oblique grooves,

and no air, thexetore, can pass these flaps un--i' _
less it comes in the pmper dIIthIOIJ as hereto-- B

110

130
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In I‘lgs 9 10, and 11 the ])Hton P’ has its
periphery unbroken except by the formation of
aseat for the ordinary packing-ring. From the

piston-rod M, however, there projects a hol-
low trunnion, 97 the passage m? through

which is closed at its onterend, but connected

at its inner end with a passage, p° formed
- through the piston.
dial passages p° and p" extend divergently
through the trunnions, said truonnions being |

From the passage m® ra-

embraced by a collar, ¢/, at the lower end of

the connecting-rod (J. This eollar is provided

with passages ¢° and ¢’, which connect with
the casings of check-valves Q® and Q% respect-
ively, the former being arranged to open in-

‘wardly and the latter outwardly. In Ifig. 10

the piston having begun the latter half of its

,outstroke, the paésages p°of the trunnion and

¢° of the collar ¢’ are in line and the external
air-pressure will open check-valve Q° and air

~will flow into the cylinder through said pas-

23

30

sages and the passages m? in the trannion and
p%1in the piston, thus counteracting the tend
ency toward the formation of a vacuum in the

cylinder. When the pisten begius the latter
half of its instroke, as shown in Flg 11, the
passages p'® ot the truunion and ¢* of the col-
lar are in line, and air will flow from the eylin- |
der through-the passages p® of the piston and
m? and p!° of the trunnion, and thence throngh

]

270,636

valve N’ is pivoted centrally on the seat, and
is provided with an elongated port, »*, which
as the valve is rotated will come opposite the
ports »° and =»® alternately. This valve may
be connected with an eccentric on the driving-
shaft or otber suitable motive device to cause
ittoopenthe portsof the valve-seat alternately,
in order to prevent retardation of the pistou
by the causes before referred to.

6o

Having now fully described our invention

and explained the operation thereof, we wish

it to be understood that we do not confine our-

selves to any of the specific constructions or

arrangements of devizes shown and described,
“but mayv vary the same in any manner wlthm

the practice of engine-bunilding, or by the sub-

stitution of equivalents, while not departing

from the trae spirit and scope of our inventiou.
Having thuos described our invention, we
claim—

1. The combination, with the eylinder, the

piston having the hollow piston-rod, the dis-
placer within the cylinder, the rod-1, carrying
said drqplacer&t1rblowereml thehnkV arm T,
and suitable intermediate connections for com-
municating a- vibratory motion to said arm
from the crank O, of the driving-shaft con-

‘nected with the plston substantially as de-

seribed.
2. In a hot-air engine, the combination, with

the passage ¢’ ot the collar, and will force the | the cylinder and piston, of a relief-valve, ar-

valve Q*open and escape in sufficient quantity
to preventany retaulmg effect upon the piston

by compressmu

T Figs. 12

ranged to open when the piston begins the lat-

] ter part of -both 1ts outstroke and instroke.

and. devices connected with the moving part

‘and 13 we illustrate another | of the engine for automatically and positively

modified arrangementof the relief-valve. Upon | operating said valve, for the purpose set forth.

the side of the eylinder ¥ is formed a valve-

~ seat, a4, having a port, ¢¢, formed through it
- to _the mtermr 01‘ the (-vlmde: and a corre-

- 40

- tween the top plate and the valve-sea,t and has

45

| o0

it is beginning the last half of its instroke, for |

sponding port, ¢ . through the"top plate, ¢°, of
the valve- Gablnﬂ‘ connects with an air-pipe,
d*.© A direct-acting slide-valve, N, plays be-

two ports, n? and #°, which may be dltemately
brought in line with the ports ¢* and ¢°, The
slide-valve is pivoted to a rod, the upper end
of which may be counected with an eccentric
on the driving-shaft, so timed that one of the
ports n? or n® will lm opened "to permit the

passage of air when the piston is beginning the

last balf of its outstroke and the other when

the purpose already stated.

In the modification of the relief-valve shown
in Figs. 14 and 15 a seat, @’ for- the rotary
valve N’ is formed on the blde of the mlmder,
sald seat having two through-ports, n° and =5,
(]ldﬂ]@tl"l(}dlly opposite each other, and com-
muiricating with the cylinder.

|

—

The - rotary |

‘3. In a hot-air engine, the combination, with
a working cylinder, of a counnected air- reser-
voir and an automatically- -operating valve, ar-
ranged to establish communication between
the cylmder and reservoir at proper times, sub-

stantially as described, a,ud for the purpose-

Set forth.

70

75

80

90

95

IO

. The combmatlon with the cylinder, air--

reservmr or eqmlibmtor the connecting-pipe,
and valve arranged therein, of the governor
operated by the driving-shaft, and suitable in-
termediate connections between the valve and
the governor for operating said V'Ilve, sub
stantially as described. |
In testimony whereof we have s° gned our
names to this specification in the presence of
two subsecribing witnesses.
GUSTAYVY EIMEOKD
OTTO EIMECKE.
| | WILHELM EIMECKE.
Witnesses: B | o
WiLriam C. Fox,
JoHs. KRACKE,.

IC§
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