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To all whom it ma i COTLCCFTL:

Be 1t known that I, GusTav SAALER a sub-
ject of the German Empe1 or, resldmcr at Em-
mendingen, in the (Grand Duchy of "Baden,
Grermany, have invented certain new and use-
ful Improvementsin Rotary Speed-Indicators:
and Ido hereby declare the following to be a
fuall, clear, and exact description of the | inven-
tion, such as will enable others skilled in the
art to which it appertains to make and use the
same.

My invention relates to rotary speed-indi-
cators in which the speed is indicated by an
axlal column of some lighter liquid forced up
In a tube to a height proportioned to the speed
by the action of. the centrifugal force on mer-
cury contalned in a lower chamber; and it

consists of a new device of new form, con-

struction, and pr 0Opor tlons by which the laws
relating to the effect of centrifugal force on
hqmds are applied to produce a practical de-

~vice that indicates the speed with exactness
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anc uniformity and canbeapplied toa variety
of uses.

The essential features of my new device are
a horizontal container consisting of a plurality
of equal, preferably cylindrical. arms uni-
formly radiating from the vertical axis of ro-
tation. To the ends of the armsare connected
by minute holes vertical cylindrical rising
chambers, connected at their upper ends by
connecting-tubes to the foot of the vertical
indicating-tube, set true in the axis of rota-
A parallel return-tube 1s connected to
the upper end of the indicating-tube and ex-
tends down about to the foot of the latter,
where 1t 1s connected to the top of the con-
tainer by the large return branch. The outer
end of each arm and the outer margin of the
corresponding rising chamber are arranged
substantially in alinement and the small con-
necting-hole arranged at said outer line—. ¢.,
at the end of the longest radins from the axial
center—so that the mercury will enter the
rising chamber at the point where 1t i1s sub-
jected to the greatest centrifugal force and
flow back therefrom freely and unimpeded
when the rotation and said force diminish.
The contalner is nearly filled with mercury,

leaving a small space at itstop for the lighter
liquid, which also fills the rising chambers,
connecting -tubes, and branch about to the
foot of the indicating-tube. The proportions
of the various parts of the device or indicat-
ing vessel above described are of great im-
portance. The container must be of such a
size as to hold a bulk of mercurv not sub-
stantially less than four times the total con-
tents of all the rising chambers. The total con-
tents of the rising chambers must be at least
substantially eqml to the contents of the indi-
cating-tube.

My invention will be understood by refer-
ence to the drawings herewith, in which I
have shown my device, particularly the char-
acteristic indicating vessel, in various slightly-
modified forms adapted for different purposes
and having a different range of indication. In
Sheet 2 I have shown. some simple diagrams
which explain the operation of the device and
why particular forms and proportions of parts
are essential.

Figures I, I1, and III are respectively front
and side elemtmn and cross-section of an in-
dicating vessel having a two-armed container:
IF1gs. IV and V. reqpectwely elevation and
cross-section of a form having three arms:
Figs. VI and VII, 1'espectively elevation and
cross-section ot a form with four arms. Fig.
VIII is an elevation showing the m(:hmtox
sealed in a shell to be dir ectly connected to a
rotating body, such as a governor.
shows the device of KHig. VIII inclosed “With-
In a case provided with a stationary scale.
This 1llustrates my so-called ‘*hand-tachom-
eter” or may be connected by a belt to the
rotating body. Fig. X shows another form
adapted to receive a'belt. Figs. XTI and XII
are diagrams illustrating the rise of the mer-
cury in my device. Fws XIII and X1V are
diagrams showing, r eSpectwely bad and good
torms of contalner, rising chamber, &c. Fw‘s
XV and X VT illustrate the i impor tdnce of the
cylindrical form of container and rising cham-
bers. ~

In the figures, 1 indicates the horizontally-
arranged container composed of a plurality of
equal arms « o @, radiating from a center ¢,

Kig. IX.
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which is the axis of vertical rotation. Th-e
outer ends of these arms should not be higher

than the center of the container for a reason
to be explained, and their upper margins are
pretferably straight. Therefore they are pretf-
erably cylindrical, which ferm is also the best,
because 1ts capacity is large and an easy form
to make. At the extreme outer end of its
upper wall each arm 1s connected to a vertical
rising chamber 3 by small hole 2, arranged
against the outer wall o of the arm and the
outer margin f of the rising chamber, which
wall and margin are practically in alinement.
As shown, these holes are and should be ar-
ranged at the point of greatest distance from

~the center of rotation with reference to the

rising chambers, for that 1s the point where
the mercury tends to rise under the influence
of the centrifugal force and where it tends
to first flow back when the speed decreases.
These holes must be made very small, so as
to be immediately filled and plugeed when
the mercury begins to rise and to remain so
plugged during the entire operation of the
device.” lf too large, they would permit the
lighter liquid to flow down through their inner
portions while the mercury is being torced up
in their outer, which would at once render the
device 1noperative. They are as small as
the glass-blower can reasonably make them.
A desirable size of hole 1s about one millimeter
for smaller devices up toabout two millimeters
In forming or blowing tfrom glass
the indicating vessel shight variations cannot
be avoided; butif the holes were substantially
more than three millimeters in diameter there
would be danger of the lighter liquid ﬂowmﬂ
down during rotation, as 1t0res‘11d

The rising - chamber sare several times larger
in diameter than the holes to contain sufii-
cient lighter liquid and are arranged entirely
within the ends of the arms, so that they ex-
tend radially muuch inside of the holes. They
are preferably cylindrical, because corners

should be avoided, permitting the mercury to
rise and fall without being 1mpeded and in a
‘manner most desirable to produce a practical

result.
grams.

From the upper ends of the rising cham-
bers extend upwardly and inwardly the grad-
ually-diminishing connecting-tubes 5 5, which
unite and connect the chambers to the vertical
indicating-tube 6, set true in the axis of ro-
tation. This tube should be of sufficient
diameter so that the lighter liguid therein
shall be visible with distinctness. An interior
diameter of three millimeters is desirable for
smaller devices up to about eight millimeters
for larger. A tube of twelve to fifteen milli-
meters interior diameter would be excessively
large.

Connected to the upper end of the indicat-
ing-tube and extending down to about its foot

This 1s turther indicated by the dia-

65 1s the return-tube 8 to return the lighter lig-

a jump 1n the indicating -column of

to stand
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uid to the container in case of accidental over-
flow from the top of the indicating-tube by ex-

cessivespeed. Thisreturn-tube is preferably
at least of equal capacity to the indicating-tube
and may desirably be arrangedtoinclosethe in-
dicating-tube,as shown. It is connected at 1ts
lowerend to the top of the container by alarge
branch return-tube or branch 9. This branch
should be large, not small, and at least of equal
diameter to the indicating-tube, preferably
decidedly larger, to permit a free flow of over-
flowing highter Iiquid and particularly to con-
tain a considerable quantity of the lighter lig-
uid, instantly to replace in the container the
mercury displaced by and during rotation, to
prevent a vacuum in the container, which
might crush the device or which would cause
lighter
liquid, it the highter lhiquid were impeded 1n
initial downflow, and finally drawn down forei-
bly to fill the vacuum, which would be the
case if the branch were small.

The container 1s filled as nearly as possible
with mercury, as indicated, leaving merely a
small space at 1ts top for a portion of the
lighter liquid to connect the holes, so that the
lighter liquid will flow up and i1l the rising

chambers when the device returns to a state of

rest in case there has accidentally been an over-
flow from the top of the indicating -tube.
This lighter liquid, preferably tinted,
rlsmgcnmbm s, conhecting-tubes, and branch
at a level about at the foot, or a little
above the foot, of the indicating- tube

The relative sizes or proportions of the va-
rious parts are of importance, and the opera-
tiveness of the device depends thereon. A
considerable mass of mercury 1s necessary to
force the mercury outwardly and up into the
rising chambers and to leave a considerable
surplus thereof in the container to hold up the
mercury, so that it will rise throughout sub-
stantially the whole rising clnmbet at sub-
stantially a uniform rate, and thereby the
lighter fluid be raised at a uniform rate in the
indicating-tube, permitting uniform gracduna-
tion. If there were too little mercury, the
rate of rising in the rising chamber would di-
minish rapidly as the mercury rose therein.
Slioht variations would cause considerable
variations in the indication, and the device
would not be practical. I have discovered
these facts and that the bulk of mercury in
the container should not be materially less than
four times the total capacity of all the rising
chambers, whether two or more. If the bulk
of mercury were as small as about three times
the capacity ot the rising chambers, the rate
of rise and indication at the upper part of the
scale would not be so uniform, and if below
three times the device would not be practical.
A proportion of five to one would not be ob-
jectionable,except that an unnecessary amount
of mercury would be used; but about and
above six to one the indication would not be
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uniform, for the mercury would rise too fast
in the lower portion of the rising chambers.

The total capacity of all the rising cham-
bers should be at least equal to the capacity
of the indicating-tube, or, to be strictly ac-
curate, to the indicating portion of the indi-
cating-tube, which is the longer central por-
tion thereof corresponding to the scale. Said
1nclicating portion and the scale should begin
a short distance above the lower end of the
tube, which 1s filled by the lighter liquid dur-
1ng the lower speed rotations, (toindicate these
clearly would be difficult and not desirable,)
and should terminate- a short distance below
the upper end of the tube, that a cap may be
attached to the upper end and overflow not
take place immediately at end of scale, though
there 1s no objection to the overflow in itself.
A small surplus capacity of the rising cham-
bers over said indicating portion would not
be objectionable.

The foregoing are the more important pro-
portions; but the following should desirably
be observed:

The length of the container should be con-
siderably greater than its diameter—prefer-
About
two-thirds the length of the container isa de-
sirable length for the rising chambers. About

four times the length of the container is a de-

sirable length for the indicating-tube. The
size of the tube should first be fixed suitably
tfor 1ts intended purpose and the other parts
then macle the proper proportions to the tube.
The rising chambers, indicating-tube, and re-
turn-tube should each be of uniform diame-
ter from end to end, also generally the con-
tainer. |

Variations in temperature need not be con-
sidered ordinarily, as a variation of 50° cen-
tigrade in temperature causes my device to
vary almost imperceptibly. |

The device (indicating vessel) heretofore de-
scribed may be of any suitable material or ma-
terials, but is desirably formed of glassin one
piece (preventing leaking in operation) and
may be sealed in a shell 11, packed with any
suitable packing 7, as shown in Fig. X, and
acdapted to be mounted directly and axially on
the rotating object 18, as shown in Fig. VIII.
A scale may be marked on theindicating-tube.
Evidently the indicating-tube (and the return-
tube where that incloses the indicating-tube)
must be made of glass to be transparent: but
I prefer for most purposes to inclose the in-
dicating vessel sealed in the shell in a case 14,
cesirably made of metal and provided with a
bearing 15 for the shell-stem 16, with an outer
glass tube 17 inclosing the indicating and re-
turn tubes and with a stationary scale 18 prop-
erly graduated and numbered and arranged

adjacent to the indicating-tube, from which

the height of the column of lighter liquid may
be read easily. The scale is arranged within
the outer tube for cleanlinessand convenience.

.3

Said outer tube is also provided with a metal
cap 19, formed with any suitable bearing, as
hollow bearing 20, for pin 21 on inner cap 12.
The indicating vessel (and shell) rotates in
the bearings within the case, and rotation may
be communicated to it by any suitable means—
for Instance, by a suitable pulley 24 on the
shell, which may be connected to rotate with
the rotating object by a belt entering through

openings 25 in the case, as shown in Fig. X,

or, as shown in Fig. I1X, a pulley 27 may be
arranged externally on a short shaft 28 in a
bearing 29 in the side of the case and connect-
ed to the indicator by bevel-gears 81 32. By
these belts evidently the indicator may be
geared down from the rotating object, which
1s necessary, as aforesaid, when the latter ro-
tates at a high speed—for instance, several
thousand per minute. It would also be nec-
essary to gear up the indicator if a device
were desired to indicate a very slow speed, as
less than one hundred per minute. To indi-
cate such low speed by an indicator secured
on the rotating object and rotating at the same
speed would require an excessively large con-
tainer and a short indicating-tube; but this is
not a practical question, because such low
speeds can be observed in other ways.

In my so-called *" hand - tachometer,” also
illustrated in Fig. IX, the case isprovided with
a handle 35 and the short shaft with a conical
tip,which may be set temporarily in the small
axial cavity in the end of a rotating shaft
whose speed is to be measured and the indi-
cator rotated by friction.

In Sheet 1 1T have shown devices respec-
tively with two, three, and four arms and
rising chambers,which variations in form are
to adapt the device to indicate different ranges
of rotations, as shown in the different scales
of Iigs. I, IV, and VI. Where a two-armed
container 1s used with two rising chambers,
there are two holes only for the mercury to
rise through, and its rate of rise, and conse-
quently of raising the lighter liquid in the in-

“dicating-tube, is rather slow in proportion to

the number of rotations; but with four arms
to the container there are four holes for the
mercury- to rise through, and consequently
more mercury is raised in the rising chambers
by the same number of rotations than with
two holes. Therefore with four holes the
lighter liquid is raised faster in the indicating-
tube—z. ¢., a longer distance for each addi-
tion rotation—the graduations on the scale are
each longer, and slight changes in speed may
be observed with greater ease and accuracy.
The effect of a device with three holes is evi-
dently intermediate between the devices with
two and four. This operation is illustrated
by means of the scales in Figs. I, 1V, and V1.
The indicating-tubes and scales are all of the
same length, but with two rising chambers
the range of indication is, for instance, from
two hundred to four hundred, with three ris-
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ino chambers from two hundred to three hun-
dred with four rising chambers from two hun-
dred to two hundred and fifty. Therefore an
increase in the number of rising chambers
limits the range, but permits a Sm‘Lll increase
11t speed to be “indicated by longer gradations
and with more accuracy. An mdlmtm with
more than four arms and more than four ris-

ine chambers could be made; but it 1s not prac-
A device with one rising

tically necessary.
chamber and one hole connecting 1t with the
container would not be practical, as the mer-
cury would move unevenly in the container
and its rise would be too slow.

The devices here shown are full-size prac-
tical devices of correct proportions. It will
be understood that in the devices of Figs. I,
1V, and VI the indicating-tubes are ail of the
same size, the con same ca-

tainers all of the
pacity, and therefore diminishing in diameter
as thelr arms increase in number, and that
each rising chamber diminishes in size as their
number increases to preserve the proportion
hereinbefore stated. Commercial devices are
commonly of larger size than that here shown.
The same proportions are maintained in de-
vices of different forms and sizes.

Fig. T indicates about the range of indica-
tion possible with the devices of this inven-
tion—that is, from one to two—or, in other
words, from the minimum speed to be meas-
ured up to twice that speed—for instance,
from about two hundred to four hundred,
about two hundred and seventy-five to ﬁve
hundred and fifty, or about five hundred to
one thousand.

To indicate the higher speeds above twelye
hundred or fifteen hunch ed rotations per min-
ute, the indicator must be geared down, and
devices of identical size may be adapted to 1n-
dicate any speed above or below that speed
by variations in the gearing, the scale being
varied accordingly, graduated and numbered
according to the speed of the object to be meas-
ured, and the entire device mace of any size
convenient for the particular use; but where
the device is to be attached directly to the ro-
tating object and to rotate at the same speed
therewith a device of larger size will be used
to indicate a slower speed and a smaller de-
vice a higher speed, because the larger the de-
vice the larger will be its peripheral or cir-
cumferential speed for the same number of
rotations, and therefore the mercury in the
larger device will be driven with greater force
up through the holes arranged at the periph-
ery and the lighter liquid will be forced to the
foot of the scale with fewer rotations, while
with a small device the reverse will be the
case, and it will take a higher speed to force
up the mercury in the container, and thereby
the lighter liquid into the lower portion of

~ the indicating-tube.

63

Fully to explain my invention and the 1m-

portance of the forms and proportions of the

|
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parts I refer to the diagrams Figs. X1to X VL
Figs. XTI and X1l indicate the positions and
curve of the mercury in the container and in
the rising chamber when the device 1s rotat-
ing and indicate why a large amount of mer-
cury is necessary to fill the rising chambers
and to sustain the mercury therein. ‘At m
the mercury has about reached the limit of

pr actical indication—z. e., about the top of the-

rising chamber. By a oreat increase in the
spoed it could be driven %bout to n—the dead-
point—but more and more slowly from m to
7, so that it would not be practical to make
oraduations corresponding thereto. They
would be uneven and so short as to be con-
fused. Owing to the large bulk of mercury

and the push of that portion-near the center -

e

against the outer portion 1t rises at, substan-
tmlly a uniform rate up to 7, and the gradu-
ation of the scale may be pr mctmally umtorm.

Fig. XIII illustrates an inoperative form
of device,which shows serious faults, because
the container is lower at its center and 1ts lower
wall curved, as here shown. The mercury
would be forced up this curve into the rising
chamber at first very quickly, but then slower

and slower, with a 1.@Lpidly-diminishinwqpeed

1N propontlon to the rate of rotation. -The
bulk of the mercury would not be freely
driven to the ends of the container, because
oravity would constantly tend to pull it down
to the point p. TFurthermore, owing to the
oreat cohesion of mercury it would tend to
resist separation at this point p, and when the
cohesion at this point was finally overcome
by the centrifugal force the separation would
come with a Jell and cause an objectionable
jump of the mercury in the rising chambers
and of the lighter liquid in the mdlcmtmﬁ‘-
tube. Another' objectionis that the holes are

too large, and as they are as wide as the ris-
ing chambers (measured radially from the
%{1%) the mercury would often be held out
against the outer wall thereof, and a space
would be left in the inner portion of the hole
tor the lighter liquid to flow back during ro-
tation.

Fig. XIV shows a desirable form of con-
tainer, for the upward curve of the bottom
would assist in sending the mercury to the
ends and prevent the objectionable efiect of
the cohesion above specified; " but this form
is difficult to make from glass. Theretore 1
have adopted the cylindrical form, in which
the ends are at least as low as the center,
which is easier to make and has large capac-
ity. This is another objection to an elhptwal
container, that it has only half the capacity of
the cylmdel for the same length and diameter.

Fig. XV shows the ob]ecmon to a lateral
ﬁa,ttemno of the rising chambers. Here the

racdius v “from the axis through the hole is
shorter than the radii 2 # to or toward the
corners of the chamber, and therefore the
mercury would be held out in the corners by
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the greater cehtfifugal force, as indicated at |

g, and 1ts return through the hole impeded.
Fig. XVI 1s a diagram of my construction
with cylindrical rising chamber. Here the
radius v through the hole is the longest. The
mercury 1s driven with the greatest force to
that edge of the cylinder 1mmedlatelv above,
and theretore tends to reflow readily down
through the hole when the speed diminishes.
I am aware that I am not the first to have
proposed a rotary speed-indicator having a
container, rising tubes, an indicating-tube, a
return-tube. and a small return branch and
containing a heavier and a lighter liquid; but
such prior devices are imperfect and inopera-
tive. because the container and the rising
tubes are of improper form, the connecting-
holes between the container and the rising
tubes too large, also too large in comparison
to the width of the risinge tubes and 1mprop-
erly arranged with reference thereto, and the
branch small instead of large, and in other
features whose 1mportance to my invention
1s explained herein, and particularly because
the relative sizes of the parts are not correct
for an operative device, and I am not aware
that any practical device or device of proper
proportions has been made or described be-
fore mine.
Having thus described my invention, what
1 claim as new, and desire to secure bv Tetters
Patent, 1s— |
1. AS a new article of manutactme an in-
dicating vessel for a rotary speed- mdlcator,
sald vessel being adapted to be rotated on a
vertical axis, and having in combination a
horizontally-arranged container composed of
a plurality of similar arms radiating from the
axlal center, the lower wall of said arms being
at least as low at the ends of the arms as at
the axlial center, rising chambers connected to
the ends of said arms by small holes, a ver-
tical indicating-tube of smaller diameter than
the rising chambers, connecting-tubes con-
necting the upper ends of the respective ris-
ing chambers to the foot of the indicating-
tube, a return-tube connected to the upper
end of the indicating-tube and extending down
adjacent to the foot of the indicating-tube, and
a branch connecting the lower portion of the
return-tube to the upper portion of the con-
tainer.
2. As a new article of manutacture, an in-
dicating vessel for a rotary speed-indicator.
said vessel being adapted to be rotated on a
vertical axis and having in combinationa hori-
zontally -arranged container composed of a
plurality of similar arms radiating from the
axial center, the lower wall of said arms be-
ing in the same horizontal plane at all points,
rising chambers connected to ends of said arms
by sm‘ﬂl holes,; a vertical indicating-tube .of
smaller diameter than the rising chambers,

connecting-tubes connecting the foot of the
indicating-tube with the upper ends of the re-

O

gpective rising chambers, a return-tube con-
nected to the upper end of the indicatine-tube
and extending down about to the foot there-
of and a branch connecting the foot of the re-
turn-tube with the top of the container.

3. Inarotaryspeed-indicator, an indicating
vessel adapted to be rotated on a vertical axis,
having 1n combination a lower horizontally-
arranged container composed of a plurality of
similar arms radiating from the axis of rota-
tion, the lower margins of said arms being ar-
ranged in the same horizontal plane, vertical
rising chambers connected to the extreme ends
of said arms by small holes in the uapper walls
ot the respective arms, a vertical indicating-
tube, of smaller diameter than the rising cham-
bers, arranged higher than the rising cham-
bers and in the axis of rotation, connecting-
tubes connecting the tops of the respective
rising chambers to the foot of the indicating-
tube, a return-tube connected to the top of the

indicating-tube and extending down to about
the foot thereot, a branch connecting thelower

portion of the return-tube to the upper por-
tion of the container, said branch being of
larger diameter than the indicating-tube, mer-
cury nearly filling the container and a lwhtel
liquid resting on the mercury and 'llmo‘ the
vessel to about the foot of the mdmatmﬂ‘—tube
and of the return-tube.

4. Inarotaryspeed-indicator, an indicating
vessel adapted to be rotated on a vertical axis,
having in combination a horizontal cont

ainer
composed of a plurality of similar, eylindrical
arms radiating from the axis of rotation, ver-
tical rising chambers connected to the tops of
sald arms at their extreme ends by small holes,
an indicating-tube arranged in the axis of ro-
tation above the rising chambers, connecting-
tubes connecting the foot of the indicating-
tube to the upper ends of the rising chambers.
a return-tuve connected to the top of the in-
dicating-tube and extending down about to the
toot of the latter, a branch tube connecting
the lower portion of the return-tube to the up-
per portion ot the container, mercury nearly
filling the container and a lighter liquid rest-
ing on the mercury and filling the vessel to
about the tfoot of the indicating-tube and of
the return-tube.

5. Inarotary speed-indicator, an indicating
vessel adapted to be rotated on a vertical axis,
havingincombinationahorizontally-arranged
container of greater length than diameter, con-
sisting of a plurality of similar arms radiating
trom the axis of rotation, vertical, eylindrical
rising chambers above the arms and connected
to the extreme ends of said arms by small
holes inthe upper walls of the respective arms,
sald rising chambers being arranged inwardly
of the ends of the arms, an indicating-tube of
smaller diameter than the rising chambers ar-
ranged In the axis of rotation, connecting-
tubes connecting the foot of the indicating-
tube to the upper ends of the respective ris-
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ing chambers, a return-tube communicating | composed of equal, eylindrical armis, radiating
with the upper end of the indicating-tube and symmetrically from the axis, vertical, cylin-
extending down to about the foot of the latter, | drical rising chambers connected to the ends

a branch tube connecting the lower portion of | of the respective arms and communicating

5 the return-tube with the top of the container, | therewith by small -holes, an indicating-tube 70

mercury nearly filling the container and a | arranged in the axis of rotation, connecting-
lighter liquid resting on the mercury and fill- | tubes connecting the upper ends of the rising
ing the vessel to about the foot of the indicat- | chambers to the foot of the indicating-tube, a
ing-tube and of the return-tube. return -tube communicating with the upper

10 6. Inarotaryspeed-indicator, an indicating | end of the indicating-tube and extending to 75
vessal adapted to be rotated on a vertical axis, | about the foot of the latter, a branch tube
havingin combinationahorizontally-arranged | connecting the lower end of the return-tube
container of greater length than diameter,con- | to the top of the container, mercury nearly
sisting of a plurality of similar, cylindrical | filling the container and a lwhter liquid rest-

15 arms radiating from the axis of rotation, ver- | ing on the mercury and “llmo the vessel to 8o
tical, cylindrical rising chambers, connected about the foot of the 111d10at1n0 tube and of
to the extreme ends of said arms by small holes | the return-tube, the capacity of the container
in the upper walls of the respective arms, the | being not Substantmlly less than four times
diameter of the rising chambers being several | the total capacity of all the rising chambers,

20 times the diameter of the holes, an indicating- | and the total capacity of the rising chambers 85
tube of smaller diameter than the rising cham- | being not less than the capacity of the indi-
bers arranged in the axis of rotation, connect- | cating-tube.
ing-tubes connecting the foot of the indicat- 9. Inarotary speed-indicator, anindicating
ing-tube to the upper ends of the respective | vessel having in combination a horizontal, cy-

25 rising chambers, said connecting-tubes taper- | lindrical container, two vertical rising cham- 9o
ing from the larger diameter of the rising | bers connected to the respective ends of the.
chambers to the smaller diameter of the in- | container and communicating therewith by
dicating-tube, a return-tube communicating | small holes, anindicating-tube arranged in the
with the upper end of the indicating-tube and | axis of rotation, connecting-tubes connecting

30 extending down and parallel to about the | the upper ends of the rising chambers to the 95
lower end of the latter, a branch tube connect- | lower end of the indicating-tube, a return-
ing the lower portion of the return-tube with | tube communicating with the upper end of
the top of the container, mercury nearly fill- | the indicating - tube and extending to about
1Ing the contalner and a lighter liquid resting | the foot of the latter, a branch tube connect-

35 on the mercury and filling the vessel to about | ing the lower end of the return-tube to the oo
the foot of the mdlmtmw—tube and of the re- tOp of the container, mercury nearly filling
turn-tube. the container and a hghtel liquid resting on

7. Inarotary queed indicator, an indicating | the mercury and filling the vessel to about the
vessel adapted to be rotated on a vertical axis, | foot of the indicating-tube and of the return-

40 havingincombinationa horizontally-arranged | tube, the capacity of the container being not 105
confainer composed of equal arms, radiating | substantially less than four times the total ca-
symmetrically from the axis, vertical rising | pacity of all the rising chambers and the total
chambers connected to the ends of the respec- capacity of all the rising chambers being at
five arms and communicating therewith by | least substantially equal to the capacity of the

45 small holes, an indicating-tube arranged in | indicating portion of the indicating-tube. 110
the axis of rotation, connecting-tubes con- 10. In a rotary speed-indicator, an indicat-
necting the upper ends of the rising chamber | ing vessel having in combination a horizontal
to the lower end of the indicating-tube, a re- | eylindrical container, two vertical, cylindrical
turn-tube communicating with the upper end | rising chambers connected to the respective

50 of the indicating-tube and extending to about | endsof thecontainer and communicatingthere- 115
the end of the latter, a branch tube connecting | with by small holes, an indicating-tube ar-
the lower end of the return-tube to the top of | ranged in the vertical axis of rotation, con-
the container, mercury nearly filling the con- | necting-tubes connecting the upper ends of
tainer and a lighter liquid resting on the mer- | the rising chambers to the lower end of thein-

55 cury and filling the vessel to about the foot of | dicating-tube, a return-tube communicating 120
the 1ndicating-tube and of the return-tube, | with the upperend of the indicating-tube and
the capacity of the container being not less | extending downwardly, a branch tube con-
than three times nor more than five times the -| necting the lower portion of the return-tube
total capacity of all the rising chambers and | to the upper portion of the container, mer-

6o the total capacity of the rising chambers being | cury nearly filling the container and a lichter 125
at least nearly equal to the capacity of the in- | liquid resting on the mercury and filling the
dicating-tube. vessel to about the foot of the indicating-

3. Inarotary speed-indicator, anindicating | tube, the capacity of the container being not
vessel adapted to be rotated on a vertical axis, substantiallv less than four times the total |

65 having in combination a horizontal container | capacity of all the rising chambers and the 130
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total capacity of all the rising-chambers be- |
ing at least substantially equal to the capacity
ot the indicating portion of the indicating-
tube, means to support the vessel so as £0
rotate on a vertical axis, and means to com-

“munlcate rotation to said vessel from the ro-

tating object whose speed is to be measured.

- 11. In a rotary speed-indicator, an indicat-
ing vessel adapted to be rotated on a vertical
axis and composed of a horizontal container,

vertical rising chambers connected to the ends
of the contdmer by small holes, an indicating-
tube in the axis of rotation, eonnectmﬁ'-tubes
connecting the upper ends of the respective
rising ch‘},mbers to the lower end of the indi-
catmg -tube, a return-tube inclosing the indi-
cating-tube, said return-tube being connected
to the upper end of the indicating-tube and
extending down to about the foot of the lat-
ter, a branch connecting the lower end of the
return-tube to the top of the container, mer-
cury nearly filling the container and aho‘htel
hqmd resting on the mercury and 1‘11111:16P the
vessel about to the foot of the mdlcatmﬂ*—tu be,
and 1n combination therewith an mclos'ntr
case tor the ve ssel, a bearing in the case on

which the vessel is fitted to rotate, rotating

means connected to the vessel and adapted to
be connected to the object whose speed is to
be measured, an outer glass tube on the case
to protect the mdlcatmo and return tubes, a
bearing in said outer ﬁ'lass tube tfor the upper
end of the vessel, and a stationary scale ar-
ranged 1n said outer tube to measure the rise
of the lighter liquid in the indicating-tube.

19. In a rotary speed-indicator, an indicat-

ing vessel, adapted to be rotated on a vertical
axis, and composed of a horizontal container,
vertlca,l rising chambers connected to the PIldS
of the container by small holes, an indicating-
tube 1n the axis of rotation, cunnectmc'-tubes
connecting the upper ends of the respective
rising chambers to the lower end of the indi-
cafl ncr-tube a return-tube 1nclosing the indi-
cat_'ntr-tube communicating with the upper
end ther eot and being In capacity at least
equal to the mdlcatmu tube, a branch con-
necting the lower end of the return- tube to

- the top of the container, mercury nearly fill-

50

55

60

65

ing the contalner and a lwhter liquid resting
on the mercury and ﬁllmﬁr the vessel about to
the foot of the mdlca,tmg—tube, and in combi-

nation therewith a protecting-shell in which
the lower portion of the vessel is inclosed, a
metallic inclosing case for said shell pr ovided
with a hollow bearmo‘ 1n 1ts base, a bearing-

‘pin on the shell httmo sald hollow befumo

an outer glass tube on the case to inclose and
protect the indicating-tube and return-tube,
a cap on the return- tube a cap on” the outer

tube, a bearing in said outer cap forming an

upper romtmﬂ' bearing for the vessel, a sta-
thD&I‘Y scale In the outer tube to measure the
rise of liquid in the inner tube, and a pulley
connected to the shell to receive a belt from

4

the rotating object whose speed is to be meas-
ured.

13. In a rotary speed-indicator, an indicat-
ing vessel, adapted to be rotated on a vertical
axis, and composed of a horizontal container,

vertical rising chambers connected to the ench

of the container by small holes, an indicating-
tube 1n the axis of rotation, conneotmo -tu bes

‘connecting the upper ends of the respective

rising chambers to the foot of the indicating-
tubeu a return-tube inclosing the mdlcatlnﬂ'—
tube, said return-tube bemo connected to the
upper end of the mdlcatma‘ tube and extend-
ing down toward the lower end of the latter
and parallel thereto, a branch connecting the
lower end of the return-tube to the top of the
contalner, mercury nearly filling the container
and a 110‘111:61 liquid resting on the mercury
and hllma the vessel about to the foot of the
mdlcatmcr—t 1be, and 1n combination therewith

an mclosmcr case for the vessel, a bearing in

the case on Wthh the vessel 1s ﬁtted to rotate,
rotating means connected to the vessel ‘md
adapted to be connected to the object whose
speed 1s to be measured, an outer glass tube
on the-case to protect the Il’ldlCdtInU‘ and re-
turn tubes, a bearing in said outer 0‘]{188 tube
for the Vessel and a stationary scale arranged
in said outer tube to measure the rise of the
lighter liquid in the indicating portion of the
mdlca,tmcr-tube said scale bemo arranged to
extend h om a ShOl t distance : a,bove the toot of
the indicating-tube to a short distance below
the upper end of theindicating-tube, said scale
measuring the indicating portion of the indi-
catmﬁ'-tube and mar kmcr the rise of the lighter

| hqmd therein.

14. In a biliquid rotary speed-indicator, an
Indicating vessel composed entirely of D‘I&SS
and sealed to inclose the liquids, having in com-
bination a horizontally-arranged, cylmd rical
contalner, said container belno' symmetncally

arranged with reference to the vertical axis of

rotation on which the vessel is to be rotated,

cylindrical, vertical rising chambers connect-
ed to said container and communicating there-
with by small holes, from about one mﬂhme-
ter to about two mllhmetels 1n diameter, said
rising chambers being several times the dmm—
eter of said holes and several times the diam-
eter ot the indicating-tube, an indicating-tube
set vertically in the axis and being in interior
diameter not materially less than thl ee milli-
meters nor more than eight millimeters, up-
wardly -1nclined, tapering connecting - tubes
connecting the upper ends of the respective
rising chambers to the foot of the indicating-
tube, a return-tube inclosing the mdlmtmﬂ-
tube and communicating therewith at 1ts up-
per end, said return- tube being at least of the
capamty of the indicating- tube a branch tube
connecting the foot of the 1eturn tube, to the

top of the contalner, said branch bemﬂ" of

larger diameter than the indicating-tube, mer-
cury nearly hllmﬂ the container and a ho"lltel
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liguid resting on the mercury and filling the

10

20

30

vessel to about the foot of the indicating-tube
and of the return-tube, said container being
of a capaclty to contain mercury not less than
three times the total capacity of all the rising
chambers.

15. In a rotary speed-indicator, an incdicat-
ing vessel adapted to be rotated in a vertical
axis, and having in combination a horizon-
tally-arranged,cylindrical container, inlength
not substantially less than three times its di-
ameter, sald container being symmetrically
arranged with reference to the axis of rota-
tlon, two cylindrical, vertical rising chambers
connected to the ends of said container and

communicating therewith by small holes not

above three millimeters in diameter,said holes
being arranged at the extreme outer ends of
the container in its upper wall and at the ex-
treme outer margin of the rising chambers,
so that said rising chambers, of several times
the diameter of said holes, extend inwardly
toward the axis from the ends of the con-
tainer, an indicating-tube set vertically in the

axls and being 1n interior diameter not ma-

terially less than three millimeters nor more
than eight millimeters,upwardly-inclined con-
necting-tubes connecting the upper ends of the
respective rising chambers to the foot of the
indicating-tube, said connecting-tubes taper-
ing down from the size of the rising cham-

779,624

bers to the size of the indicating-tube, a re-
turn-tube inclosing the indicating-tube and
communicating therewith at its upper end,
said return-tube being at least of the capacity
of the indicating-tube, a branch tube connect-
ing the foot of the return-tube to the top of
the container, said branch being of larger di-
ameter than the indicating -tube, mercury
nearly filling the container and a lighter liquid
resting on the mercary and filling the vessel
to about the foot of the indicating-tube and
of the return-tube, said container being of a
capacity to contain mercury not substantially
less than four times the total capacity of all
the rising chambers, and the total capacity of
the rising chambers being at least substan-
tially equal to the capacity of the indicating
portion.of the indicating-tube, a scale ‘Ld]&-
cent to the indicating-tube and shorter in
length, the mdlmtmg portion of the indicat-
ing-tube being equal in length to the scale,
said mdlcatmﬂ-tube heing about four times
the length of the container and
chamber about two thirds the length of the
container. |
In testimony whereof 1L a
presence of two witnesses.

GUSTAV SAALER.

(Y

iX my signature In

Witnesses:
. W. (AERTNER,
ALTrRED WILKINSON.
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