3 Sheets—Sheet 1.

- F. E. MILLS.
REACTING ROTARY STEAM ENGINE,

No. 107,078. ' Patented Sept. 6, 1870

THE NORRIS PETERS CO, PHOTO-LITHO., WASHINGTON, D. .




3 Sheets—Sheet 2.

F. E. MILLS.,
REACTING ROTARY STEAM ENGINE.

No. 107,078. * Patented Sept. 6, 1870,

] . :1

] .

§ 2

H; EE,*RW&H‘&H&\&H { !

i :

i

}

1

i

I

|

|

Ll:_— — o p—— R e
A

o W itnesses .1 L72ve7el o
i Fonid Pdecnes i & it

THE NORRIS PETERS CO. PHOTO-LITHO., WASHINGTON, 0. C.




o - 3 Sheets—Sheet 3.
F. E. MILLS. -

REACTING ROTARY STEAM ENGINE. |
No. 107,078, - Patented Sept. 6, 1870,

%f‘ﬁgﬁﬁﬁfs | ' ]7%3"‘5’ 72t07: l
AR ﬁ;f@ | | ZZ?‘M&{/ & el

THE NORRIS PETERS CO., PHOTO-LITHO., WASHINGTON, 0. C,




dluited § tatw

ﬁatwt ®

L h |
L

FRANCIS E. MILLS, OF SAN FRA'NGISOO-, CALIFORNIA.

Letters Patent No. 10-'4'_’,078, dated September 6,1870; antedated August 26, 1870.

e

REACTION ROTARY STEAM-ENGINE.

| ————t T

The Schedule referred to in these Letters Patent and making part of the same |

,10 all whom it may concern;

Be it known that I, FrRANCIS B. MiLLs, ﬂf‘ the city
and county of San anclsco in the Stttte of Cali-
fornia, have invented a new and useful Improvement
in Reaction Lnﬂ'lnea, driven by steam or other elastic-
gas; and I do hereby declare that the following is a
full and exact description thereof, reference bemn‘ had
‘to the accompanying drawing and to the letters of
reference marked thereon.

The nature of my inveution consists—

First, in providing reaction- \‘-]lE‘le, driven by a cur-
rent of stt,a,m or Utht‘l elastic gas qunmg against the
atmosphere, with two broad expanfsion chamber 8, in
which the column of liot and high-pressure steam-is--

sning from two narrow tlnmtq expands laterally, i
while still confined within the wheel, and rushes |

~ against the atmosphere or other surmundmg medinm
in & broad volume at low pressure, reacting against
an-equatly broad avea of the elmmber—h@&d thus-util-
izing the power evolved in the expansion of the steam,

and enabling the movement of the \ﬂieel to he made |
as slow and powerful as desired.

‘Second, avoiding the loss of power resulting from
the cmldcnsatmn {}f the issuing steam by contact with
the atmosphere, and. decuring tlwconstant presence
of an efficient resisting mediu—m for the steam to act
against; by inclosing the wmknw-wheel in'a drum or
case, farnished w ith an adjt astable. gate or port, through

which the expanded steam inside is allowed to o8-
cape no-faster than it is driven out by a pressure a
little exceeding that of the Lthwsphele. |

- Third, giving such a direction to the current of hot
steam, relative-to the head of the chamber, as to
leudel effective whatever ﬁn* ¢ there may be in ltS
impact. |

- Principles and Mode of Opemtiou

I all reaction steam-wheels known to me, the. hnt
steam leavés the wheel by spouting, with great ve-
locity, against the external atmosphew, through two
of mote small orifices or tubes, |

Now, if we suppuse the hot steam issuning from the
orifice ‘to have a 'pressure of forty-five pmmds to the
square inch, the atimosphere being incapable of offer-
Ing o resistance exceeding fifteen pounds, two-thirds
of:the force of the steam is entirely wasteéd in boring
unresisted through the atmosphere, and, in order to
render effective tht remaiiling third, the wheel must
be driven with such. velocity, appwachmg that of the
issuing jet; as to unfit the engine for most ‘work ;
nhuv 18, it the dense steam, on issuing from the ori-
fice or thioat, were permitted to e'{pa.nd lateraily in
the  broad clmmbers r D while “still confined to the
wheel, until 1ts pressure should but little exeeed that

FE o - -

of the atmosphere, and then in its exit blow against

t & broad transverse section of the external air, and
react against a corresponding br oad area of the cham-

ber- hea,d nearly the whole power of the steam would
bo rendered effsctive in the propilsion of the wheel,

and its movement could be made slow, as desired, b3

simply increasing the transverse area of the chmn-
bers relative fo the throats.” This presupposes, how-
ever, that the foree of the steam is.not impaired by
contact with the external air, before it has done its.

~work, But, the condensation of the steam by such

contact pr od 1ces a constant partial vacuum between
the issuing steam and the resisting atimosphere, which

greatly abates the elastic energy of the for iner, and

the effective resistance of the latter; and it is to
avoid - this crippling effect of driving the steam di-
rectly agaiust the “air, that I substltute a resisting
medium of steam for tha.t of the atmosphere. Thm

I 'do by enclosing the working-wheel in a. steam-

tight. drum, with an adjustable escape-port, so gauged
as- to Keep the same. always fiill of the expanded
stéam, exerting a resisting pressure equal fo one at-

| nmsplu_re

The working-steam, then, expanding in the cham-
bers, is resisted by the ehstlc pressure of the steam
in.the dram, and reacting against the broad head of
the chambers, drives the wheel in the opposite direc-
tion. Thus I have steamn working expansively against
steam under- nearly the same conditions as in the
modern piston engine, without its great cost and

complication, and, 1 think, without its percentage of

waste.
Mode of Construction,

The generat form of the invention and of all 1ta
parts will be apparent from the accompanying draw-
ing, which is a part of thls specification, and i
whicl-—

Figure 1 is an mside view af the casting, making
one- lhl.lf of the wheel vertical section, cut at rwht
angles with the shaft. |

Figure 2 is-a skeleton view of the wheel without

the shaft.

Figure 3 is a vertical section: of the wheel and:
prusauw -drum, in position, the wheel being td.kell

"in the plane of the line X X, fig. 1.

Figure 418 a pmspecme elevation of the whee]
lestlng on its bearings in the lower half’ of the press-
ure-drum, the uppen - half of the drum béing removed,

{ as shown at fig. 5

Figure 6 is a perspectwb elevation of the engine,
with tJJe dl.uln closed-and ready for work..

‘Figure 7 is a detail view, showing the gauge-
valve. -




N thtll*ﬂ’t‘lbbl’f to IhL ‘”lhlb, ‘the walls of the

Yigure'8 is a view like fig. 1, showing alternative
forin of the guide-arms, for a wheel of slow ‘motion,
the throats being at tiie center.

Aris t]m slmt of the wheel,

e,
‘B, the hollow radial arms, deading from the center

to tlle throats.

C, the thIOELtS through ﬂ.'hl(,]l the hot steam Ll]-l

ters the expansion chambers,

D, the expansion clmnbu*b, I the heud, and methe

mouth of chambers.

I, the pressure-drum, -inclosing the chambers,

IY, the adjustable escape-por t, regulating the es-
cap{_, anid pressure of the steam in the dium.

G, the gange-valve,. wtrulatmﬂ the area of the open-
g in the port.

H, the indicator-valve, to lift on the pressare ex-
ceerlmfr the proper limnit.

1, tl:e atr-valve, opening inside the dram, to pre-
vent collapse. -

I, the water-cock, fo draw off the water ctmdem-
ing ins.de the drum.

L tue waste-pipe, conveying off the escaped btea,m
to hmt the feed-water,

M, the main steam-pipe, leading from the boiler to
the center of wheel.

N, the throttle-valve, operated by a
otlm wise.

O, the eceentrie,, to drive the feetl—pmnp.

Slmlhu letters ot reference indicate like parts. -

The steam is -admitted in one end of the hollow

governor or

~haft A, and conducted by the two opposite hollow

arms or channels B to the two throats O, These
throats are simply a narrowing down of -the steam-
passages in the arms to such small dimensions that
| (mlj, so' much steam can pass through -them under
a given pressure from -the boiler, as it is. desiredl to
use; and the absolute area of thb throats  will depend
upon what power the engine is designed to yield, and
the pressure of steam to be nsed.

The size of the throats will be, of course, mvelnely

as the pressure of stemn, and dnectlb HE the power |
'ad,]usmble, for if too small steam will acéumulate

“in the {ll'nm, and escape at . too lngh & pressure,

required.

These throats, respectively, open into the head of
the expansion chambers D, the gener al form and po-
~sition of which are shown m figs. 1, 2, 3, and 4, in the
accompanying drawing. ,

On the sizé of these chambers, in their transverse
-section, depends the power with which .the wheel

will mme, as well as its velocity, under a given press-

ue and quantity of steam, the power being directly,
and the velocity inversely {o the area of their cross-
section at the widest point; precisely *what propor-
tions should exist between the areas of thé chamber-
head and throat, in order to yield the best effect, will
depend mainly on.the velocity it is intended to give
vhe wheel, and the amount of load to-be moved.

With the escape-port properly ganged, 1 think I

can calenlate on. an effeetive reacting resistance of at |

feast ten pounds. per square inch of chamber-head,
and something for the direct impulse of the hot bttﬂllll
as it rushes from the throats; ifor it will be seen that
I give the head of the L]hLI‘Il}EI, h, such an angle rel-

ative to the radial arms B that whatever foree there

may be in such fmpact is made effective in the pro-
pulsion of the wheel. |
- If desired, the throats may be made-
fixing a B]l{llll“‘ key in the back of each, in order that
the. propor tlm]b between the arcas of the throats and
caambers may be varied to blllt différent requirements
of the same engine.

I make the entu ¢ wheel, including -the radial arms
B, the throats O, and the expansion chambers D, of
CdSb iron, casting it in: two corresponding - parts, eut
steam pas-

hollow. at the port
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smres being raised or - projected. from the side plate::.

in “the forn. of flanges, as shown in fig. 1

The edges of these Hanges having Deeir Lrought-to
one true mee L..&two cor re%ponduvr parf{s are bolted
strongly together,.and made steam-tight.

Pressure Drunm.

In most cases where steam is used as the motor, I
make the pleSlll‘L-dl am. in the form of & separate
case, inclosing the entire-wheel, the shaft of the
whuel passing through i, as shmvn at B B, figs. 3, 4,
and 6. 1t is cuthor lzonmllv, in two eqnal par £s, tht,
lowér half being made strong and.heavy, sustaing the
horizontal shaft of the Whee] the uppér-half may be
made of thick sheet ivon, and should be covered with
felt,

This upper half may be hung on strong hinges, so
as to be readily opéned and clu;»ed or it may be made
to lift off entirely, and when closed fastened  with
hooks or elamnps.

The corresponding edges of fhe two parts should
be lihed with soft leathe; or other packing, to make

‘thie joint tight.

In the 1up of this dram I cat an opening, large
enongh to ailow all the steam whiclh may be driven |

'thwuwh the throats of the wheel to escape: under a

pressure slightly exceeding one at110~;pllete, allow-
ance being “made for leakage, and the condensation
and liguifaction of a portion of the steam by wu]mg,,

&e.

To this escape-port 1 attach a v uve by which its
size may bL always so adjusted and Ilmlted that no
air can enter to condense the steain, and the'steam
be allowed to escape no faster than Just sufficient. to -

prevent the pressure umde fromn much exceeding that

assigned limit.

It the pressure-of Lot steam passing throngh the
thiroats of the wheel were always unform, and the
temperature of the atmosphere surrounding the drum
always. uniform, the size of this esmp{,-pmb could be

“ealenlated, and then remain fixed; but owing: tothe

ariations in. these conditions, ﬂ; shonld be made

occasioning a loss of power as well as endangering

the bmstmg of the drum; if too large, the vacuum

of condens:tion wiil dummsh the elastic- reswt.aua

“inside.

This escape-port may be adjusted. by hand,on the
state of the pressure being made known by an indica-
tor-valve, I, and the air-valve I, but it is-better to.
make 16 selt- regulating by the fannel- shaped gange-

alve (3,-shown. in figs. 3 and 7; this gauge-valve be-
ing so lwhtly \y e1=rhtul. and guided by a spindle, as
t0 open on the plf.‘Sbmt'; Sh“’htlY exceeding the sur-
rounding atmosphere, but opsning only so much as
necessary to allow all the steam to escape nnder
that pressure.

I make an opening in one side of the pressure-drum,
covered with a flap-valve, hmged on its upper edge,
and opening inside, I, 11:,. 3. This air-valve i3 to

'pwwnt a .collapse ot tlu, dramn from the -condensa~

tion, when the engine is stopped, as wdl as to assist

" in aseertaining the state of the pressure inside.

In ‘the buttmu of -the pressure-dirum I make .an

|. aperture, closed with . a stop-cock, I, for drawing oft
iul_]u%t..tlﬂe oy |.

the water whichi may collest in tllb dlum., from the

condensation of the stean. - .
The expanded stean, escaping: through the port,

‘may De-conducted oft t[nuufrh the waste - pipe L,
| 'h:r 6, and used to hieat the thd water for-the boiler.

T the main steam pipe, ut, leading fiom the boiler

to the center of the wheel L construct a v alve, N,

similar-to the throtile-valve of the ordinary lnatnn-'
engine, to regulate the supply of steam to the wheel,




and equalize its movement, this valve being operated
oy the ordinary governor, or its equivalent.

Alternative Form of the Arms and Throats.

In cases where the motion of the whéel is desired
to be quite slow, I place the throats at or near the
center of the wheel, and allow the arms, while still
retaining their radial position, to open from the throats

into the reaction heads of the chambers, substantially

in the form shown at B, fig. 8.

Claims.

What I claim as my invention, and desire to secure
by Letters Patent, is—

107,078

1. In a ledctlon-*.irhet,] driven by steam or other
elastic gas, rushing agmnst the -atmosphere or-other

‘surroundiog medium, the expansion-chambers D D,

in combination with the throats C, substantially as
and for the purpose described.

2. In combination with a reaction-wheel, driven by
steam or other elastic gas, the pressure—drum It B,
with the adjnstable escape-port I, and the watel-
cock K, substantially as and for the purposes de-

FRANCIS E. MILLS.

scribed.

-Wltneqses
Louis RAoUL THIESSEH
- HENRY KLEINE.
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