W. PATE. -
NOZZLE FOR TURBINES,
APPLICATION FILED JULY 17, 1012,

Patented Jan. 27,1914

TR NI T OR T
WD BELAT FAFRE,

e NP e L

BY L ’%'//“av iﬂ,gjwm

A
@ fee e (/izr}"‘%,xb;/ £ LA
; , £l .
! ey Aw i GrR R

E‘T(?‘TJVEEEES’ o,
. P ,
\)zylf/ft fet ((,/PM"M/{/,,-»o



o

30

45

50

UNITED STATES PATENT OFFICE.

WILHELM PAPE, OF CHARLOTTENBURG, GERMANY, ASSIGNOR TO GENERAL ELECTRIC
COMPANY, A CORPORATION OF NEW YORK.

NOZZLE FOR TURBINES.

1,085,293.

o all whom it may concern

Be it known that 1, WmmeLy Pare, a
subject of the Emperor of Germany, re-
siding at Charlottenburg, (Germany. have in-
vented certain new and useful Improve-
ments in Nozzles for Turbines, of which the
following is a specification.

This invention relates to nozzles for elas-
tic finid turbines and itz object is to provide
a nozzle in which the elastic fluid can ex-
pand to the final pressure easily, whether
or not this pressure is above or belotw that
for which the nozzle is designed, and with-
out changing appreciably the angle of the
jet.

Tests have shown that a jet of steam in
passing out of a tubular nozzle which has
been ent off on a plane oblique to its axis
is deflected very considerably from its origi-
nal direction whenever the ratio of the pres-
sures preceding and following its course
through said nozzle is greater than the criti-
cal ratio; that is, a ratio of 1.7 for dry satu-
rated steam. Inasmuch as the nozzle is so
placed as to direct the jet in line with the
surface of the bucket at the edge thereof, it
follows that any such deflection impairs the
efficiency of the engine, because there is a con-
siderablé impact upon the back of the bucket.
This deflection of the steam jet is caused by
the fact that the boundary walls of the
nozzle permit the jet to broaden only in a
divection at an angle to its axis, and the de-
flection from the axis of the nozzle becomes
greater in accordance with the increase over
the critical stenm velocity as the jet leaves
the nozzle. This tendency to expand in a
direction oblique to the axis of the nozzle
is more marked with a nozzle whose cross

.section is uniform throughout; but it occurs

to a greater or less degree in the nozzles of
the expanding type, when the final pressure
is above or below the correct value. My
invention aims to correct this tendency of
the jet to diverge in this inefficient manner,
and to this end it comprises a- nozzle so
constructed that the enlargement of the
steam jet is only partially Iimited by the
walls of said nozzle, and the expansion of
said jet can therefore take place unhindered
in accordance with the pressures preceding
and following the nozzle. This result may
be obtained in a simple manner by causing
the smallest cross section-of the mnozzle to
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coincide practically with the cross section of
the opening into the receiving chamber.
The invention will be better understood by

‘reference to the accompanying drawing, in

which—

Figure 1 is an axial section of a nozzle as
ordinarily constructed; Fig. 2 is a transverse
section of the same; Fig. 3 1s an axial section
of my improved nozzle; Fig. 4 is a trans-
verse section thereof; Fig. 5 is a similar see-
ticn of a modification; and Figs. 6, 7 and 8
show the action of the improved nozzle with
varying pressures.

The old form of nozzle 1 shown in Figs.
1 and 2 has its mouth cut off on a line a
which is oblique to its axis . The lines ¢
indieate how the steam jet will be deflected
from the axial direction whenever the ve-
locity varies from the critical. In this form
of nozzle, the top and bottom walls 2, 8 are
parallel. ~ If these walls should diverge to
form the usual expanding nozzle, the jet
of steam will remain in its original direc-

tion at velocities above the critical velocity, -

but the nozzle will give a maximum efii-
clency only for the pressure ratio upon
which the calculation is based, while at every
other ratio of expansion the efficiency falls
off considerably.

It the nozzle is constructed with a greater
expansion than that which corresponds to
the ratio of pressures preceding and fol-
lowing the nozzle, then the steam pressure
follows the free expansion too far below
the true counter-pressure, vising thereafter
by impulses to the said counter-pressure.
The pulsations of compression in the broad-
ened part of the nozzle result in an impair-
ment of efliciency. My invention avoids the
disadvantages of these two forms of nozzle
by -adopting the construction shown in Trigs.
3 to 8. The side walls 4 of the nozzle may
be either parallel, as shown in Fig. 4, or
they may diverge at the lower edges, as
shown in Fig. 5; the latter construction
permitting a beneficial expansion of the jet
in these directions as well. The bottom 5
of the nozzle is parallel with the terminal
portion 6 of the top, but that portion 7 of
the top between such terminal portion and

bH

60

65

70

75

80

85

90

95

100

the throat 8 of the nozzle is oblique to the 105

axis of said nozzle, so as to contract it in
cross section toward the throat, which is lo-

+

cated so as to coincide with the rear end or -
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only a partial limitation of the steam jet
passage, the steam flows in a close jet in the
direction of the axis of the nozzle out into
the receiving chamber. The recason of this
is that the instant the steam passes the nar-
row throat it can expand not only upwardly
toward the top of the nozzle, but also un-
restrictedly on the under side toward the
receiving chamber. At a velocity of 800 to
1000 meters per second, the jet will assume
the form shown in Fig. 6. At alower ve-
locity, say about 500 to 700 meters per sec-
ond, the jet will expand only upwardly, the
under side of the jet remaining practically
in line parallel with the axis of the nozzle,
as shown in Fig. 7. With still smaller steam

“velocity, from the critical valne downward,

the jet of steam issues at a flatter angle than
that of the nozzle axis, as shown in Fig.
8, which is an advantage because ‘of the
greater ease with which it enters the bucket.
Since the enlarged portion of the steam jet
is not bounded on all sides, the steam ex-
pands down. only to the true counter-pres-
sure, so that any compression-pulsations are
avoided. : -

The principal advantages of the invention
are the following:—(1) No substantial de-
flection of the jet from the axis of the nozzle
at high velocity. (2) No under-expansion,
and therefore no compression-pulsations at a
smaller ratio of expansion than that which
corresponds to the pressure ratio upon which
the calculation is based: (8) At steam ve-

locities below the critical velocity, the exit

_of the steam is effectéd at a flatter angle

than that given by the axis of the nozzle,
so that the axial cross sestion of exit ig en-
tirely filled, and when nozzles are ranged
side by side a close band. of steani is ob-
tained. (4) The part of the nozzle through
which the steam flows at high velocity is

 of minimum length, and accordingly the
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friction losses also are reduced to a mini-
mum, resulting in better efficiency.

its bottom
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In accordance with the provisions of the
patent statutes, I have described the prin-
ciple of operation of my: invention, together
with the apparatus which I now consider
to represent the best embodiment thereof;
but I desire to have it understood that the
apparatus shown is only illustrative, and
that the invention can
other means. o .

What I claim as new and desire to secure
by Lietters Patent of the United States, is,—

1. An expanding nozzle for elastic fluid
turbines having its throat coincident with
the vear end of its mouth and its top at
and beyond the throat extending obliquely
upward with reference to the direction of
at the throat, so that the jet of
fluid discharged from it may expand freely
after passing.the throat without being de-
flected downward. o

9. An expanding nozzle for elastic fluid
turbines having a diverging top at
yond its throat, and the bottom of its ex-
panding portion cut away to the point of
smallest cross section of said nozzle, so that
the jet of fluid discharged {from it may ex-
pand freely after passing the throat without
being deflected downward.

3. An expanding nozzle in which the ex-

be carried out by
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pansion of the steam jet beyond the throat .

of the nozzle is unrestricted on its under
side, and in which the terminal portion of

the top is substantially parallel with the bot-

tom and a portion of the top between the
terminal portion and the throat extends
obliquely upward with reference to the di-
rection of the bottom ¢f the throat and said
terminal portion. -

Tn witness whereof, I have hereunto set
my hand this twenty-ninth day of June,
1912. . . '

WILHELM PAPE.
Witnesses: :

Henry HaspPER,
WoLDEMAR HAUPT.,
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