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To all whom it may concern:

Be it known that I, Carr Ricmarp WAL-
LER, a citizen of the United States of Amer-
ica, and a resident of Trenton, county of
Mercer, and State of New Jersey, have in-
vented certain new and useful Improve-
ments in Elastic-Fluid Turbines, of which
the following is a specification.

My invention relates to elastic fluid tur-
bines, such for example as steam turbines,
and particularly to combination high pres-
sure and low pressure turbines of the im-
pulse type. In such turbines it is customary
to provide two series of nozzles, one for the
high pressure working fluid, and the other
for the low pressure working fluid, since for
efficient working, nozzles specially formied
according to the steam pressures used must
be employed. Such turbines should be able
to develop full rated horse power both when
operating on low pressure working fluid, and
when operating upon high pressure work-
ing fluid. The nozzles are customarily set
in a circle, one portion of which, extending
through a part only of its circumference, is
occupied by the high pressure nozzles, and
the remainder of which is occupied by the
low pressure nozzles. It is obvious that in
such a construction the turbine is incapable
of developing as much power on steam of
either pressure, as it could develop if noz-
zles for one pressure extended completely
around the ring, and were set as closely to-
gether as is consistent with good working.

I'have found that the two series of nozzles
can be arranged in two concentric circles, the
high pressure nozzles outside of, but regis-
tering with, the low pressure nozzles, and ar-
ranged to direct their jets of working fluid
into the low pressure nozzles, said low pres-
sure nozzles forming continuations of the
high pressure nozzles, 4. e., being propor-
tioned according to the same expansion law,
as if they were physically parts of their cor-
responding high pressure nozzles, and hav-
ing the same areas of cross-section that they
would have if physically parts of their cor-
responding high pressure nozzles, so that
each pair of high pressure and low pressure
nozzles form in effect a single nozzle for the
expansion of steam or other working fluid
from the initial pressure at which the steam
1s received by the high pressure nozzles to a
low pressure approximating that to which

the low pressure steam is expanded by the
low pressure nozzles when working alone;
the combined nozzle thus produced being

‘practically as eflicient for high pressure fluid

as if for the expansion of high pressure
steam nozzles were provided adapted by
their design to expand the steam down to the

| low pressure to which it is expanded by the

high pressure and low pressure nozzles,
working together as above described; the
low pressure nozzles when operated on low
pressure working fluid being nevertheless
substantially as efficient, when expanding
low pressure working fluid, as if the turbine
were not provided with high pressure noz-
zles. T am thus able to obtain, in a single
turbine, maximum power, whether working
upon high pressure working fluid or upon
low pressure working fluid, and the concen-
tric arrangement of the two series of nozzles
involves very little increase in size of the
turbine, if any.

My invention consists therefore in two se-
ries of nozzles for different working fluids,
arranged to register one with another, each
two registering nozzles constituting together
a single high pressure nozzle and one of
them constituting by itself a low pressure
nozzle; and my invention further consists in
various other features of construction and ar-
rangement, hereinafter described and par-
ticularly pointed out in the appended claims.

The objects of my invention are to cause
a combination high pressure and low pres-
sure turbine to develop full working power,
whether operated upon high pressure work-
ing fluid or upon low pressure working
fluid, to make the turbine efficient and to
make it simple, compact, and easy to con-
struct.

I will now proceed to describe my inven-
tion with reference to the accompanying
drawings, illustrating more or less diagram-
matically two embodiments of my inven-
tion.

In the drawings: Figure 1 shows a longi-
tudinal section of a portion of a combina-
tion turbine such as referred to, the section
being taken through one registering pair of
nozzles, the construction shown being one
in which the high pressure nozzles are ad-
justable axially. Tig. 2 is a similar view
showing a construction wherein the high
pressure nozzles are not adjustable axially.
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Referring first to Fig. 1, 1 designates the
casing of the turbine, 2 the rotor, 3 a bucket
thereof, 4 a low pressure steam chest and 5
a high pressure steam chest. -6 designates
a low pressure nozzle formed in a ring 7
set into an aperture in cne wall of the low
pressure steam chest, and 8 designates a high
pressure nozzle registering with the low
pressure nozzle, having in its sides openings
9 communicating with the high pressure
steam chest, the end of the high pressure
nozzle extending outward from the high
pressure steam chest through a stuffing box
10, and having a hand wheel 11 whereby
said high pressure nozzle may be screwed in
or out so as to advance it into contact with

" the rear end of the low pressure nozzle, or

.20

to retract it away from such end of the low
pressure nozzle, as desired. Within the high
pressure nozzle a shut-off valve 12 is pro-
vided, said valve arranged to seat on the

~valve seat 13 of said nozzle and provided
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with a stem 14 and handle wheel 15 by which
said valve may be retracted; and since, as
shown, this valve stem 14 is itself carried by
the high pressure nozzle, it will be seen that
when the high pressure nozzle is retracted
its shut-off valve is carried with it.

In operation, when the turbine is operat-
ing on low pressure working fluid, the high
pressure nozzle is in its retracted positioi,
and then low pressure working fluid from
the low pressure steam chest may enter the
low pressure nozzle and be expanded therein
and directed thereby against the buckets of
the rotor in the customary manner. When
the turbine is to be operated upon high pres-
sure steam, the high pressure nozzle is ad-
vanced until its end 1is against the end of
the low pressure nozzle, or nearly so, and
high pressure working fluid is-admitted to
the high pressure steam chest, and, valve 12
beirig away from its seat, such high pressure
working fluid passes into the high pressure
nozzle and thence into the low pressure noz-
zle, being expanded into such nozzles prac-
tically the same as if the two nozzles were
one, and then impinges upon the buckets of
the rotor. ) ’

If it be desired to operate the turbine
with a few only of its low pressure nozzles
in service, this can be accomplished by ad-
vancing the ‘high pressure nozzles so that
the latter cut off communication between
their  corresponding low pressure nozzles,
and the low pressure steam chest, the high
pressure nozzles then serving as valves for
the low pressure nozzles.

In Fig. 2 I illustrate a somewhat simpler
and alternative structure, wherein the high

- pressure nozzles, here designated by refer-

85

ence numerals 16,are not adjustable from the
outside of the turbine, there being a consid-

-erable space 17 between the ends of the high
pressure nozzles and the entrance of the low |
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 pressure nozzles. Two such nozzles, prop-

erly designed to work together, operate
nearly as effectively, with this space 17 be-
tween them, as do the nozzles of Fig. 1
which are arranged so that one of said noz-
zles is moved into connection with the end
of the othei nozzle. But as there is apt to
be some slight spreading of the steam jet
from high pressure nozzle 16, beyond the
limits of the entrance of the low pressure
nozzle, the construction shown in Fig. 1,
though slightly more complicated, is in gen-
eral preferable. :

It is to be noted that in the construction
shown in Fig. 2, it is not intended or desired
that there shall be any injector action of the
steam from the high pressure nozzles when
passing into the low pressure nozzles; that

s to say, it is not intended that the high

pressure nozzle discharge, in passing into
the low pressure nozzles, shall draw from
the space 4, for the effect of this would be to
produce a partial vacuum in this space 4,
which would be detrimental, and also would
reduce the efficiency of the combined nozzles.
Therefore, the form of the bore of the noz-
zles 6 is the same that it would be if these
nozzles were physically continuous with
nozzles 16, that is to say, if nozzles 16 were
extended to engagement with nozzles 6, and
also the cross-sectional area of nozzles 6 at
different points is no greater than would be
the case if nozzles 16 and 6 were continuous;
also, nozzles 6 have no initial reversely-
flared or reversely-tapering mouth portion,
as they would have if there were to be in-
jector action, but to the confrary, they have
only the slight rounding at the mouth neces-
sary, according to well-known laws of fluid
flow, in order that when these nozzles 6 are
being used by themselves, with low-pressure
steam, such steam may enter the nozzles
without shock, eddies, or wiredrawing.

As previously explained, the high pres-
sure and low pressure nozzles, together,
really constitute the real high pressure noz-
zles, but it is customary and convenient to
speak of nozzles 8, (Fig. 1), or 16, (Fig. 2)
as the high pressure nozzles in contradis-
tinction to the nozzles 6, which are the low
pressure nozzles.

It will be understood that the arrange-
ment shown permits the operation of the
turbine simultaneously upon high pressure
and low pressure working fluid, as well as
upon either the high pressure or the low
pressure working fluid, and that as many of
either group of nozzles may be in service as
desired or required by conditions of oper-
ation. Automatic control of supply of
working fluid to the steam chest may be ef-
fected by means such as shown and de-
scribed in my patent applications Sr. Nos.
501,297 and 501,298.

The designs of the nozzles are such that
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the low pressure nozzles, formed in the noz-
zle ring 7, are suitably proportioned to
properly expand the working fluid from the
pressure normally prevailing in the low pres-
sure steam chest to that prevailing in the
rotor chamber of the turbine into which such
low pressure nozzle discharges the working
fluid; and that the high pressure nozzles
are so proportioned that when a high pres-
sure nozzle and its corresponding low pres-
sure nozzle are working together, that is to
say, when the high pressure nozzle is dis-
charging into the low pressure nozzle, the
working fluid will be properly expanded
from the pressure normally prevailing in
the high pressure steam chest, to that nor-
mally prevailing at such times in the cham-
ber to which the low pressure nozzle dis-
charges.

What I claim is:—

1. In an elastic fluid turbine, the combi-
nation of a high pressure chest, a low pres-

" sure chest, a rotor, a low pressure nozzle ar-
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ranged to conduct low pressure working
fluid from the low pressure chest to the ro-
tor, and a high pressure nozzle in line with
the low pressure nozzle and arranged to
project high pressure working fluid" from
the high pressure chest into the bore of the
low pressure nozzle, the bore of said low
pressure nozzle of such diameter and form
that it constitutes substantially a continua-
tion of the high pressure nozzle, as to ex-
pansion of the working fluid discharged
into it by the high pressure nozzle, the two
nozzles together forming a combined high
pressure nozzle adapted to expand the high
pressure working fluid to a low terminal
pressure. :

2. In an elastic fluid turbine, the combi-
nation of a high pressure chest, a low pres-
sure chest, a rotor, a low pressure nozzle
arranged to conduct low pressure working
fluid from the low pressure chest to the ro-
tor, and a high pressure nozzle in line with
the low pressure nozzle and arranged to
project high pressure working fluid from
the high pressure chest into the bore of the
low pressure nozzle, said low pressure noz-
zle forming substantially a continuation of
the high pressure nozzle and at its mouth
being devoid of reverse flare adapted to pro-
duce injector action, the two together form-
ing a combined high pressure nozzle adapt-
ed to expand the high pressure working
flujd to a low terminal pressure.

3. In an elastic fluid turbine, the combi-
nation of a high pressure chest, a low pres-
sure chest, a rotor, a low pressure nozzle
arranged to conduct low pressure working
fluid from the low pressure chest to the ro-
tor, and a high pressure nozzle in line with
the low pressure nozzle and arranged to
project high pressure working fluid from
the high pressure chest into the bore of the

8

low pressure nozzle, said low pressure nozzle
forming substantially a continuation of the
high pressure nozzle, the two together form-
ing a combined high pressure nozzle adapt-
ed to expand the high pressure working
fluid to a low terminal pressure, said high
pressure nozzle movable toward and from
the low pressure nozzle, and means for so
moving it.

4. In an elastic fluid turbine, the combi-
nation of a high pressure chest, a low pres-
sure chest, a rotor, a low pressure nozzle ar-
ranged to conduct low pressure working
fluid from the low pressure chest to the ro-
tor, a high pressure nozzle in line with the
low pressure nozzle and arranged to pro-
ject high pressure working fluid from the
high pressure chest into the bore of the low
pressure nozzle, said high pressure nozzle
arranged to move longitudinally from a po-
sition in which its discharge end engages
with the receiving end of the low pressure
nozzle to a position in which a considerable
distance separates the adjacent ends of the
two nozzles, whereby said high pressure noz-
zle forms a valve for the low pressure noz-
zle, and means for so moving said high
pressure nozzle.

5. In an elastic fluid turbine, the combi-
nation of a high pressure chest, a low pres-
sure chest, a rotor, a low pressure nozzle ar-
ranged to conduct low pressure working
fluid from the low pressure chest to the ro-
tor, a high pressure nozzle in line with the
low pressure nozzle and arranged to pro-
ject high pressure working fluid from the
high pressure chest into the bore of the low
pressure nozzle, said high pressure nozzle
arranged to move longitudinally from a
position in which its discharge end engages
with the receiving end of the low pressure
nozzle to a position in which a considerable
distance separates the adjacent ends of the
two mnozzles, whereby said high pressure
nozzle forms a valve for the low pressure
nozzle, means for so moving said high pres-
sure nozzle, and an axial shut-off valve for
the high pressure mnozzle, carried thereby
and adapted at will to open or close the bore
of said high pressure nozzle.

6. In an elastic fluid turbine, the combi-
nation of two nozzles in series, arranged
to codperate with one another, and arranged
to in effect form a single nozzle, the second
nozzle corresponding in diameter and form
of bore to the first nozzle and arranged to
expand working fluid according to the same
law as the first nozzle, one of said nozzles

also arranged to be used independent of the’

other.

7. In an elastic fluid turbine, the combi-
nation of a steam chest, a nozzle leading
therefrom and another nozzle leading into
sald steam chest and arranged, when in op-
eration, to discharge into said first-named
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nozzle, said two nozzles proportioned as to| In testimony whereof I have signed this
form and size of bore according to the same | specification in the presence of two subscrib-
law to act together upon the same stream of | ing witnesses.

working fluid and forming in effect a sin- CARL RICHARD WALLER.
gle nozzle adapted to expand the working | Witnesses:

fluid by joint action, to a low terminal pres- C. A. WORTHINGTON,

sure. : F. R. ZgLiEY.

Coples of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
. ' Washington, D, C.” .




