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Apphca,’smn filed Oc’oober 19 1898. Serial No., 693 978,

Io all wfwm it may concerw:
Be it known that I, FRANK M. LEAVITT a

York, (Brooklyn,)in the eounty of mes and
State of New Yorl'{ haveinvented cer mm new

Engines, of which the followmu s & speu fica-

tmn

15

2

This mventmn 1el.:mtes th@ﬂ} to a,tmos-

i 0 pheric or vacuum engines employed for small
- power purposes, Su(,h as pumping water for

“domestic esmbllﬁhments and for railway-
tanks, shops, &ec., or for driving of small
~ light mﬂchmely AS engines for such pur-
poses are eommonly opemted where there is

“nolicensed engineer, it is Important for safety
that the steam plebsme in the boiler be prac-

tically nel or only sufficient to cause a circu-

lation of steam through the engine in start- |
20 1Ing.

Hence such engines are operated en-
~tirely or almost entirely by atmospheric pres-
sure due to the condensation of the steam
admitted to the cylinder. Myinvention aims

10 provide an improved construection of en-:

gine of thischaracterandintroduces the novel
te&tmeb,hel einafter set forth and claimed.

The accompanying drawings show the pre-

ferred construction of engine embodying my

. present Invention, wherein—

_30
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Figure 1 is an eleva‘nlon Flﬂ 2 18 & ver-
mcal mid-section on the line2 21in Fw 4 look-
ing from the left in Fig. 1.
tlcal transverse section on the line 3 3 1n Fig.
4 Jooking oppositely to Fig. 1. Fig. 4 is a
horl?ontal section on the hne 4 4 in Fig. 2.
Fig. 5 is an enlarged elevation of the pump-
drwmﬂ' crank- stud detached. Fig. 6 is an

end elesvationf thereof.

The engine thus illustrated is a single-act-

40 ing vacuum steam-engine combined with a

surface condenser, a single - acting water-
puamp, and a smwle acting alr or vacuum
pump.. Theengineis deswned to be supplied

:with steam at appmxunately atmospherie

pressure—say, for exawmple, at a maximum
- pressure of one to two pounds a,bove the at-
.mosphere.

In the plae‘bwal consl;ructlon of enﬂ'me% of
thls characterseriousdifficulty is eneountel ed

- 5o-in maintaining the vacuunm which is essential

to sustam the powel of the engine owmn* to

Kig. 3 is a ver-

{(No model.)

the liabilit)* of leakage of air past the piston-
packing into the cylinder. If such leakage

is considerable, it may exceed the capacity of
|'the alr - pump, which in an engine of this

character 1s necessarily hmlted To avoid
this leakage is one important object of my in-=

| VE"I] tﬂO M.
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Referlmﬂ' to the drawings, let A deswnate '

the engine-cylinder; B, the plshon which is
of the bucket-plunger Va,riet;y; o, the pitman,
connecting the piston to the crank formed

on this shaft; K, the Water-pump, F, the con-
denser, and (':r the alr or vacuum puinp.
In c{mstruebing the engine 1t is built up of

a series of shells or sections in manner fol-

lowing: Upon any suitable supporting-base
H is mounted a shell I, conforming with the
steam and condensation-water passages and
thevalve-chests. On thisaresuperposed two
plates J and K, and above these is mounted
the main shell or frame I.. The latter is

formed with the uprights M M, carrying the

crank-shaft bearings, and is %ha,ped to re-
ceive within it the steam-eylinder A. The
shell L constitutes also the casing for the

condenser F, which for convenience Is ar-

ranged, as heretofore in engines of this class,
concentrically around the steam -cylinder:

‘T'his 1s constituted by forming the shell L

with inner and outer eoncemric walls b and
¢, respectively, between which is the annular

space or chamber F’, through which flows the

water from the pump K, which surrounds the
tubes of the condenser. 'The shell L is also

formed with an offset or trunk I on one side,

which forms the supporting-base of the pump
E and the interior chamber
celves the discharge from the pump and forms
a passage conducting sald discharge into the
annular chamber F'. The pump-cylinder d
is bolted to the lower side of the trunk L/, its

upper part projecting up thereinto, while the
pump-cylinder head eisapplied overan open-
There

.m- |

ing in the upper side of the trunk L.
is a clear space left between the top of eyl
der d and the cylinder-head for the outflow
of water from the pumpintothetrunk. This
construction facilitates and cheapens the con-

nection of the pump to the chamber inclosing
| the condenser and reduces the number of

6o

on the emnk shaft C; D, the fly-wheel, fixed

70
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of which re-
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pleees and joints to the minimum. The dis-

charge-pipe from the pump enters the shell ;
L near the upper part of the chamber F, as
shown at E® in Fig. 3. | |
'T'he condenser I isa surtace eondenqer and
isconstructed, according toa well-known sys-

tem, with inner and outer copper tubes f ¢,

| lespectwely, so arranged that the steam

LO

passes through the inner tubes to the closed
ends of the outer tubes and returns through
the latter, in which it iscondensed. The in-

~ner tubes ff are united at their lower ends to

.

20

the plate J. The outer tubes g g are simi-
larly united to the plate K. The tubesarear-
ranged in concentrice circular order, as shown
in Fig. 4, and their open lower ends commu-

nicate with annular passages f' and ¢', re-

spectively, the former being formed as a

groove or depression in the top of the shell I
and the latter as a-similar groove in the top

of the plate J. This econstruction has the ad-

~ vantages of facilitating the assembling and

39
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~densation-port /, Fig. 3, whwh communicates
with the annular channel g already referred
toand leads downward to the admlsmon valve

_40.

dismounting of the engine, simplifying the

construetion of the steam-passages, and in-
suring against lea,kage in the condenser due
to unequal expansion and contraction.

- The section of shell T has formed lntefﬁ*ally
with it the valve-chambeér h, the steam-inlet

‘passage 7, Fig. 4, the cylinder—pox‘b'j, leading
from the chamber 4 upward to the center for:
communicating with the base of the c¢ylinder,
and the exhaust-passage k&, arranged above
the cylinder-port and communicating with

the annular space or groove f' already re-
ferred to. T'he shell I is also formed on one

side with a projecting boss I', which forms

the base for the air-pump G, and with a con-

of the pump.

Theair-pump Gisa pllmﬂ*er pum P, 168 plun- |

~ger m being-connected by a rod to an-arm m/,

45

' pPOJeetmﬂ' from the cap-plate m?, which is fas-
tened on top of the piston B. The pump-cyl-
inderis pretembly formed of a tube n, screwed

into a footpiece n', which rests upon the boss

mn.

55

“between them for receiving the suection and

6o

I', as shown in Flg 3, and is fastened down

| ~ thereon by means of a conical plug N, which
| 50

passes through a conical bore in the base, at

the upper end of which it is parallel and

serew-threaded and screws into the footpiece

. Theconical plug Nformsthe valve-cham-
ber of the pump, being bored into from above
to three diameters, w1th conieal valve-seats

discharge valves of the pump. The plug,
which is ground to a tight fit with the conical

- bore in the base, is' formed with an exterior
groove [/, which communicates with the port
_'Z and from which lateral bores enter beneath

the suctwmvalve at the bottom, while above

this valve lateral bores commumcate w1th an

external groove o, from which a port o' is
formed in the base I’ and footpiece ', lead-

~ ing to the lower end of the pump-cylinder.

|

valve q, the rod ¢’

G
the condensation-water and air enter through
port ', raising the lower or sucblon valve, and

663,909

The footpiece is formed é,boﬁe the dléchal*gé- a

valve of the pump with a chamber, from Whleh |

leads the discharge-pipe p.

The valve-gear (,onsmts sunpl_’y of the sllde- |
of which passecs out of the -

chamber A through a bushing ¢° {which need
not be a gland, because bhe steam-pressure
is practically nel) and to which motion is im-
parted t.hr()urrh a connecting-rod ¢°® from a
crank ¢4, (or it may be an eceentrm) fixed
on the end of the shaft C.

The course of the steam is as follows:
tering from the boiler at 12, Fig. 4, it passes
into the valve-chest 4, and thenee when the
valve is raised is admitted through port 7 into
the eylinder, which it fills as the piston rises.

The valve then shifts to the position shown,

75

En-

30

connecting the cylinder-port to the exhaust-

port, in which there may be a vacuum of ap-

proximately twelve pounds, whereby is af-
forded the powerfor drawing the piston down-
ward. The exhaust-steam passes around in
the annularchannel /', thence up through the
inner tubes f of the condenser, and down
through the onter tubes g thereof which are
surmunded by cold water, and bemo' con-

~densed the eondensation-wa,terdt‘&insinto'the _
annular passage g',from whichit flows (seeFig.

3) down through port [ to the vacuum-pump
In this pump during the suction-stroke

being drawn through ports 00’ enter the ¢yl-
inder, while during the return str oke they are

go

95

100 -

expe]led through t,he same poris o o and, lift- -

charge-pipe p.

The engine-cylinder A is entuely dlsmnet'

ing the aupper or discharge valve, pass out
from the chamber ahove it throuu'h the dls- |

o5

from the shell L, and preferably out of con- -

tact therewith to form a non- heat-conducting
space between them, as shown. Its lower
end is extended downward throiigh openings
in the plates J and K, and its foot rests upon

the top of the shell I, to which it is directly
‘bolted. The apper end of the cylinder has
a flange a'; which extends over the top of the

condenser - chamber F' and is perlphemlly
guided within an annular wall or rim ¢/,
formed on the shell I, as an upward exten-
sion of the outer wall ¢, Fig. 3.
cylinder is unattached at its upper end and
free to expand or contract from the base L and
independently of the shell L, through which
the cold water 18 circulating.

The piston is packed, as heretofore, by an

ing it, the cupped 1ea,t,her being clamped be-

tween the flange a' and a packing-ring s,

which is bolted down upon said flange. This
packing-ring has an an nular chamber or pas-

sage formed, as a groove s’, on its under face,

through whleh water or 011 may be circulated
in dweet contact with the packing-leather, so
as to keep it moist and supple. The pack-

k=

| ing-ring has also an upturned flange forming

I1IO

115

Thus the

120

upturned cupped leather packing 'rsurround- _ '

125

130
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a chamber or pocket s%, surrounding the pis- [ united to an arm ' , projecting inward from

ton above the free edge of the eupped leather,

which chamber can be kept supplied wwh '

water, oil, or other liquid for not only mois-

| tenmn' the cupped leather, but also for pre-
| ventmg access of air to the packed joint.

As

before stated, the effective maintenance of a

“vacuum in an engine of this characteris one

IO

5

20

- 30

of the most serious problems, since airis lia-

ble to leak in through the piston-packing
and since the mdmteuance of the efficiency
of the engine is dependent upon the ability
to suppress such leakage.
ter instead of air would be insigniﬁcant, since
the air-pump has ample capacity for drawing
off all the water that can possibly leak in.
Hence 1 provide for keeping the chamber s
constantly filled with some suitable liquid,
and preferably with water, to a level suffi-
ciently above the upper edge of the packing-
leather to seal the packing and prevent ac-
cess of air thereto, so that if any leakage oc-
curs water will be drawn in instead of air.
There are numerous ways of providing such

supplyof liquid; but I prefer to admit liquid

to the annular chamber s and let it flow
thence through a duet s% Fig. 3, into the
chamber s°, and from the latter to escape by
an overflow-pipe s*. There are two conven-
ient ways in connection with this engine of
atfording the supply of water. Of these the
first 18 to take it from the discharge side of
the pump K through any suitable pipe con-

trolled by a cock, the simplest arrangement

35
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trolled by a cock or faucet f.
way 18 to lead the discharge-pipe p from the

being that shown in Fig. 3, where? is a pipe

connecting from the condenser-chamber I
to the packing-ring s, the flow being con-
The other

air-pump G up, as shown in dotted lines in

Fig. 1, and cause it to enter the packing-ring

s. This latter plan might be adopted in ad-

- dition to or in lieu of that shown in Fig. 3.

55

By either means an ample flow of water is
maintained around the packing-ring so as to
keep the leather entirely immersed, and con-
sequently to keep it soft and supple, and
thereby in as nearly as possible leak-tight
condition, while if any leak should occur

-some of the surplus water in the seal would

be drawn in to the exclusion of air.
- The water-pump E isin general of ordinary
construction. Thesuction-pipe E' enters the

base of the pump-cylinder d beneath the sue-
tion-valve 1.
‘ried by the pump-piston P. The pump-eylin-

‘The discharge-valve %' is car-

der head e carries upright parallel guide-rods

¢ ¢ for guiding the c¢ross-head e of the pis-

60

ton-rod ¢ This er oss-head is connected by
a pitman P’ to a crank-stud Q, carried by the

fly-wheel D, or othemﬂse connected to the

shaft C. The valves v «' are ordinary disk
tappet-valves pressed down by springs. Ac-

.cess 1s gained to the upper valve on the pis-
The

ton by hft,mcr off the ¢ylinder-head e.

A leakage of wa-

a hand-hole plate w*, as shown in Fig. 2. By
detaching this plate and removing it the pin
1s taken away laterally with it, and hence
drags the v: alve u laterally out thmun‘h the

to all the parts.

The crank-pin Q is formed eccpntneally
upon a conical disk or plug R, which on its op-
posite side has a concentric serew-threaded
stud R'. The fly-wheel hub is formed with
a socket for receiving the plug R and a bore
concentric therewith, throngh which its stud
R’ passes and is fastened fixedly in any
position by a nut screwed thereon. Thus

{ by turning the plug R in its socket the

crank can be brought to varying distances
from the center and the stroke of the pump
adjusted in accordance with the load under
which the engine is working. The ob]ect of
constructing the disk R as a conical plug is to

facilitate el&mpmﬂ' 1t in place, since drawing

up theclamping-nut draws it into the conical
socket and makes a tight frictional joint.

an additional precaution a set-screw x, Hig. 2,

‘may be employed engaging the periphery of

the plug. By this means the stroke of the
pump can be varied to an extent equal to four
times the eccentricity of the Stud (Q with re-
lation to the plug R.

‘The novel construetion of air-pump G hele-
in described with reference to the conical
plug N, which serves hoth for attaching the
pump-cylinder to iis base and for a valve-

chamber for both valves, is made the subject

of a separate application for patent filed Oec-
tober 19, 18Y8, Serial No. 693,979, and hence

18 not of itself claimed in the present ::'l,ppli—

cation.
My invention may be variously modified
without departing from 1ts essential features.

For example, the annular passages ' ¢’ are

nol necessarily formed in the parts I and J,
respectively, but may be otherwise formed,
s0.as to be in communication with the joints
between the parts I J K, respectively, so as

‘to be accessible at these joints upon taking

the sections apart.

I claim as my invention the fol]owmﬂ'-de— |

fined novel features, substantially as herem-
betore specified, namely _

1. In a vacuum-engine, the combm&twn
with the cylinder and piston of a cupped pack-
ing for preventing leakage of air into the cyl-
inder, and means for maintaining a water
seal submerging said packing to a predeter-

mined level, whereby if leakage occurs the

suction due to the vacuum acts to cause water
to enter the cylinder instead of air. |
2. In a vacuum-engine, the combination

‘with a plunger-piston, of a cylinder having
an upturned cupped packing against said

piston, an annular chamber inclosing the
cupped packing, and means for feeding water
to said chamber to form a seal submerging

central n*mdmcr-pm w ot the lower valve is | said packing, whereby if any leakage occurs

As

70

hand-hole, giving complete and ready access
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~ing-riny s for conﬁmnﬂ‘ sald packing formed

the suction due to the vacuum acts to cause
water to enter the cylinder instead of air.
3. The combination with plunger-piston B

,and cylinder A, thelatter havingan upturned
cu pped packmﬂ' against the plston of a pack-

- withan annular channel s’ against said pack-

io

ing, and an annular chambel s®surrounding
the upturned portlon thereof, with a duct
communicating between said channel and
chamber, a pipe admitting liquid to the chan-

- mnel, and an overflow-pipe from said chamber.

s

4. The combination of cylinder A, base-

shell I to which the lower end of the evlmdel

is fastened, and upper shell L, the latter hav-

“inga wall b-inelosing the body of the cylinder,

20

30
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with an intervening space, and having an up-
per guiding-wall ¢',-and the cylinder having
an outwardly-projecting flange a' engaged by
said guiding-wall, whereby differences in ex-
pansion and contraction of said cylinder and

_ ahell L are provided for,:

5. 'I‘he comblnabmn of bhell L having outel

eondenser-chambel B closed at the top, con-

“denser-tubes arranged in said chamber, a

base-shell I beneath, a cylinder A within said

inner wall b and conneeted at its bottom to

said shell I, said eylinder formed with a flange
a' projecting over the top of said condenser-
chamber and having a packing-ring s be-
tween which and said ﬂ&nﬂ‘e the cupped pack-

ing 7 1s clamped.
6 The combination of shell L ha,vmfr outer'

and inner walls ¢ b forming between them
an annular condenser—ehamber F' closed at
the top and forming a circular well for the
engine-¢ylinder, a base-shell I beneath, con-
denser-tube plates J and K clamped between
said shells, inner and outer condenser-tubes

- f and ¢ projecting upward from the respeec-

45

tive plates into said chamber E', the engine-
cylinder, an exhaust-passage leading there-
from into communication with the tubes f, a

suction-pump, and a passage leading from the
tubes g to such pump.

7. The combination of shell I having outer
and inner walls ¢ b forming between them an
annular condenser-chamber F’' closed at the

top and forming a circular well for the en-
gine - eylinder, a base-shell I beneath, con-

denser-tube Pplates J and K clamped between

said shells, inner and outer condenser-tubes
f and g pro,]eetmg upward from the respec-
tive plates into said chamber F', said parts
being formed with annular passages f' and
q', the former communicating with the lower
ends of the tubes f, and the latter communi-
cating with the lower ends of the tubes g.

8. The combination of shell L having outer
and inner walls ¢ b forming between them
a condenser-chamber F' closed at the top, a
base-shell I beneath, condenser-tube plates
J and K clamped between said shells, inner

and outer condenser-tubes f and g projecting
upward from the respective plates into sald

chamber F', said parts formed with an annu-
lar passage f' communicating with the lower
ends of the tubes 7, and with an annular pas-
sage ¢' communicating with the lower ends of
the tubes g, a vacuum-pump, and said base-

shell I form od with an exhaust-pa,ssage k lead-

ing to said passage f', and with a passage !

. Ieading from said passage ¢’ to said pump.

9. The combination of eylinder A, annular
shell L surrounding it, condenser-tube plates
J and K with their condenser-tubes,
shell T on which said parts are mounted

formed with a steam-admission port 2, valve-

chest h, cylinder-port j, exhaust-port & lead-
ing to the condenser, and a projecting base

I’ for the attachment of a suction-pump, and

with a suetion- passage [ leading from the

condenser to such base for commumcatwn_
with such pump. -
- In witness whereof I have hereunto mgned_

‘base-

53
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my name:in the presence of two subscribing

witnesses.
FRANK M. LEAVITT.
W’ltnesses .
WALTER B. BAILEY
FrRANK C. B. PAGE.
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