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(No moael.)

To all whom it mny conecermn: |
Be 1t known that I, WaLTER FERRIS, a clti-

zen of the United States, residing in Philadel-

phia, Pennsylvania, have invented certain Im-
provements in Integrating Apparatusfor Wa-
ter-Meters, &c., of which the following is a
spemhcatzon

The object of my invention is to provide a
simple and accurate form of integrating de-
for use in connection with water-meters

and like apparatus for measur ing flow or pres-
sure of fluids.

In the accom panying drawmgs, Figure 1 1s
a view, partly in side elevatlon and partly in
section., of the main elements of an integrat-
ing device constructed in accordance with my
invention. Fig. 2 is a plan view of the same.
Fig. 31s an enlarged sectional plan view of part
of the device. FKig. 4 1s an elevation, partly
1n section, 1llustrating certain modifications of
my invention. Kig. 5 1s a view showing the

connection of my 1mpr0ved apparatus to a
fluid-conducting tube.

The apparatus comprises two receptacles
jointly containing a body of liquid (usually
mercury) of greater specific gravity than the
fluid to be measured,
tween sald receptacles and between the same
and the tube througch which the fluid to be
measured flows, and certain weighing and re-
cording apparatus, all as hereinafter set forth.

1 represents a receptacle made of any avail-
able material and lined with a substance which

ected by and will not affect the
mercury or the flui

d to be measured, and 21s
a, similarly-lined receptacle in the form of a
column having an internal profile of the char-
acter hereinafter set forth, the bottom head
3 of this column communicating through a
tube 4 with the lower portion of the recepta-
cle 1. The top head 5 of the column 2 com-
municates with a tube 6, and both of the tubes
4 and 6 form coils rigidly mounted at some

- point in thelr convolutions, so that all of that

45

so crease of the load which it has to carry.

portion of each coil which intervenes between

1ts point of rigid support and its pointof con-
nection with the column 2 constitutes a spring,
which will be compressed by any downward
movement of the column caused by an in-

In

certaln connections be-

1

of

the present instance the lower tube-spring 4
is supported at 7 and the upper tube-spring
6 1s supported at 8: but the point of support
is immaterial so long as the desired function
of the tube-spring 1s attained.

The receptacle 1 constitutes a reservoir for
the supply of mercury or other liquid of
oreater specific gravity than that of the fluid
to be measured, and this liquid also fills the
lower tube-spring 4 and the lower portion of
the column 2, the zero-level of the liquid be-
ing the same in both reservoir and column.

The cap or cover 9 of the reservoir1 hasan
opening 10 therein, whereby when the device
is used in connection with a water-meter said
reservoir is placed incommunication with the
flowing body of water which is to be meas-

ured, and the lower end of the tube-spring 6

is likewise intended to be in communication

with said flowing body of water, the connec- .

tions being such, however, that the pressure
exerted upon the contents of the reservoir 1
will exceed that exerted upon the contents ot
the column 2, the intensity of sald excess

pressure depending upon the velocity of the

flow through the meter-tube. For instance,
the lower end of the tube-spring 6 may be in
communication with the static pressure-tube

| @ of a meter, whose Venturi tube is shown at
X, of the character set forth In my applica--

tion for patent filed June 27, 1899, as 1llus-
trated in Fig. 5, while the rescrvoir may be
in communication with the pitot-tube v of
such apparatus. When there is no flow of
luid through the meter-tube, the level of mer-
cury 1n,the reservolr 1 and column 2 will be
the same; but when the fluid is flowing through
the meter-tube and the pressure upon the
mercury in the reservoir 1 is greater than the
pressure upon the mercury in the column 2
sald mercury will rise in the column 2 to a
certain height above the level of the mercury
In the reservoir, depending upon the velocity
flow 1n the meter-tube, and by imparting
a proper profile to thebore of the column the

‘volume of mercury which is transferred from

the reservoir thereto may be SO proportioned
in respect to the velocity of flow through the

meter-tube that the weight of the cohlmn will
olve a substantially accumte indication of the
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velocity of flow, and this being known the vol-
ume of flow can be I'Gadily computed there-
fron.

The column 2 has near its upper end a ring
or collar 11, which 1s mounted, by means of
knife-edge bearings 12, upon a lever 13, whose
spindle 14 i1s likewise mounted upon knife-
edge bearings on the fixed structure of the de-
vice. The lever 13 is intended to be provided

with a suitable weight for counterbalancing

the weight of the column 2 when the mercury-
level therein is at the zero-point, and in the
present instance the levey 13 is provided with
a pivoted hook 15 for the reception of such a
weight. The scale-lever spindle 14 has a pro-
jecting arm 16, the outer end of which is fur-
nished with a pmntu 17, intended to produce
a eraphical record upon a chart-paper carried
by a vertical drum 18, which is secured to the
upper end of a vertical spindle 19, the latter
being driven from some available member of
the gear-train of the clock 20 in such manner
that the drum 18 will make one complete rev-
olution in a predetermined interval of time.
The clock-train is also intended to drive a
spur-wheel 21, which inthe present instance is
secured to a tubula,l shaft 22, having a frame
or spider with three arms 23 each ot which
carries a pivoted pawl 24, fl,_dapted to engage
with the teeth of a ratchet-wheel 25, mounted
on a shaft 26, -which passes through the tubu-
lar shaft 22 and operates the gear-train of a
registering device 27 of any ordinary type.
Kach of the pawls 24 is provided with two
projecting pins 28 and 29, as shown in Fig. 2,
the pins 28 being acted upon by a fixed throw-

out cam 30 on one side of the ratchet-wheel

25 and the pins 29 being adapted to bear upon
a cam-disk 31, which 1s located on the other
side of the ratchet-wheel 25, this cam-disk 31
having high and low portions bearing such re-
lation to the toothed periphery of the ratchet-
wheel 25 that when the pin 29 of either pawl
bears upon the high portion of the cam-disk
sald pawl 1s prevented from engaging with
the ratchet-teeth; but when a low portion of
the cam-disk is beneath the pin 29 the pawl
1s permitted to drop .into engagement with
the ratchet-teeth. The plate 30 is so disposed
as to move the pawl out of engagement with
the ratchet-teeth at a certain point in their
travel, and the pawls then hang free from the
ratchet-wheel and do not engage the same un-
til they rise on the opposite side of the wheel.
Hence the time during which a pawl is per-
mitted to remain in engagement with the
ratchet-wheel depends upon the distance be-
tween the high portion of the cam-disk 31
and the point at which the pawl is disengaged
from the ratchet-wheel by the throw-out plate
50. In order that this distance may be gov-
erned by the rise and fall of the column 2, the
cam-disk 31 1s carried by a sleeve 84, whlch

1s also provided with a spur-wheel 82, and with.

the latter meshes a toothed secrment 33, car-

ried by the spindle

771,363

14 of the scale-lever 13.
Hence any rising movement of the column 2,
Indicative of a decreased rate of flow of fluid
through the meter-tube, will cause the high
portion of the cam-disk 31 to approach the
throw-out plate 30, and thereby decrease the
length of its segmental path of travel, during
which each pawl 24 can engage with the

ratchet-wheel 25, a downward movement of
the column, indicative of an increased rate of
flow in the meter-tube, causing a reverse ac-
tion. Kig. 1 shows the column 2 in its high-
est position or position of zero registry. The

end ot the high portion of the cam-disk 311s
‘then immediately opposite to the beginning

of the throw-out plate 30, as shown. When
the mercury rises in the column, causing the
column to descend, the high part of the cam-
disk moves away from the plate 30, thus un-
covering an arc on the circumference of the
ratchet-wheel 25 to the action of the pawls as
they pass. The arc is always substantially
proportional to the travel of the mercury-col-
umn 2, which travel may, as hereinafter ex-
plained, be made to bear a variable ratio to
the height of mercury inthe column by means
of a variable horizontal sectional area in the
bore of the column. My invention, broadly
considered, therefore 1s to be regarded as a
machine for integrating the product of time
into some variable quantity which ‘is a func-
tion of the difference of two fluid-pressures.
In the case of a water-meter the variable fac-
tor-is the velocity of water flowing through
the meter-tube, which is by preference a tube

ot the Venturi type, and the difference of

the two pressures 18 approximately propor-
tional to the square of this velocity. Hence
the function of the difference of pressures is
the square root, and the register should be
provided with some part whose motion or po-
sition relatively to a zero position is propor-
tional to the square root of the pressure dif-
ference.

As betore stated, when the pressure upon
the mercury in the reservoir 1 and that upon
the mercury in the column 2 are equal the
mercury will stand at the same level in each
and the scale will be balanced at zero; but
when the pressure on the mercury in the res-
ervolr 1 exceeds that upon the mercury in
the hanging column 2 the mercury will rise
in the latter until the mercury height bal-
ances the excess of pressure and the deflec-
tion of the scale-beam will indicate the weight
of the mercury which has éntered the column
from the reservoir. Bearing in mind that
the height of the mercury is alwavs pPropor-
tional to the pressure difference, no matter
how large, small, or variable the Cross-sec-
tion ot the mercury-column may be,the weight
of the mercury can be made pmportmnal to
a function of this pressure difference by mak-
ing the horizontal sections of the mercury-
column vary so that the volume of mercury
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contained in the column from the zero-point

up to any height 7% is to the volume from

zero-point up to any: height 2’ as the value of
the given function of the pressure difference
which procduces the head 2° is to the value of
the pressure difference which produces the
head 4. In the case of a water-meter, there-
fore, 1t 1s only necessary to shape the mer-
cury-column so that its volumes above the
zero-pointare proportional to the square roots
of the corresponding heights and the weight
ot the mercury in the column will be always
proportional to the velocity of the water
through the Venturi tube and adding these
welghts together at equal periods of time will
glve a cumulative sum proportional to the

total quantity of water passed. In using this:

profiled mercury-column it is necessary that
all of the variable heights A, A%, &c., shall be
measured from the zero-line or base of the
profile, and as these heights are also the dis-
tances that the mercury in the column rises
above that In the reservoir it i1s evidently
necessary that the base-line of the profile shall
always be on the same level as the mercury in
the reservoir: Thiswill be understood on ret-
erence to the dotted lines ¢, 4, and ¢ 1n Fig. 1, ¢
being the normal zero, 4 the zero for the mer-
cury-helo‘ht i, and e the zero for the mercury-
height 4. The mercury 1n any reservolr of
finite size must fall as the mercury is trans-
terred to the column, and the amount of this
tall in a reservoir of constant cross-section 18
proportional to the weight transterred. The
deflection of the spring-coils supporting the
mercury-column 1s also proportional to the
welght transferred. Hence 1t is necessary to
malke the stiffness of the springsand the diame-

ter of the reservolr in a certain relation toeach

other In order that the mercury-column may
descend just as far as the mercury-level in
the reservoir descends.

As the proper operation of the registering
apparatus of my improved meter 1s dependent
upon the weight of the displaced mercury, 1t
1s evident that either the reservoir or the col-
umn into which the mercury is forced from
the reservoir may be the element which is
welghed, or one of these elements may be car-
ried by onearm and the other by the other arm
of the scale-lever by providing suitable flexi-
ble connections between them. (See Fig. 4.)

‘While 1 prefer in all cases to use a tube-—
spring both at top and bottom of the mercury-
column 2, such spring may be used at one
end of the column only, 1f desired, the tube 4*
at the other end of the column bemﬂ‘ simply
lexible, as shown and described in a divisional
a,pphcatlon for patent filecd by me, or passing
through a suitable stuting-box, as shown in
Fig. 4, and although 1 prefer to cause the
mercury-tube to act upon a scale-beam and to
cause the movement of the latter to operate
registering apparatus the rising and falling

column of mercury may be caused to produce
a record in other ways. When neither of the
tube connect’

ons 4 and 6 of the mercury-col-
omn is elastic, so as to serve as the spring
member of the spring-scale construction, some
equivalent spring connection with the mer-
cury-column or with the scale-lever should
be provided. Such independent spring-sup-
port 1s shown at 6* in Fig. 4.

Having thusdescribed my invention, I claim
and desire tosecure by Lietters Patent—

1. The combination in apparatus for inte-
orating a tunction of fluid-pressures, of two
connected receptacles jointly containing a
body of liquid of greater specific gravity than
that of the fluid to be measured, the area of
cross-section of one of said receptacles being
definitely varied relatively to 1ts distance from
a level of reference, and means whereby dif-
terential pressures derived from the fluid to be
measured cause flow of said heavy liquid from

one receptacle to the other, substantially as

specified.
2. The combination 1n apparatus for inte-
orating a function of flmid-pressure, of two

connected receptacles jointly containing a

body of liquid of greater specific gravity than
that of the fluid to be measured, the area of
cross-section of one of said recepmc]es being
definitely varied- relatively to the dlstance
from a level of reference, means whereby
differential pressures derived from the fluid
to be measured cause flow of said liquid from
one receptacle to the other, and a scale op-
eratively connected to the receptacles for
welghing the liquid so tran%turred substan-
tld.llV S spemﬁed
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3. The combination in appamtns for inte- ~

orating a function of fluid-pressure, of two

connected receptacles jointly containing a
body of liquid of greater specific gravity than
that of the fluid to be measured, the area of
cross-section ot one of said receptacles being

definitely varied relatively to the discance

from a level of reference, means whereby
differential pressures derived from the fluid
to be measured cause flow of said liquid from
one receptacle to another, a scale operatively
connected to the receptacles for weighing the
liquid so transferred, and a graphical record-
ing device contr olled by said Scale substan-
tlallV as specified.

4. The combination in apparatus for inte-
grating a function of fluid-pressure, of two
connected receptacles jointly containing a
body of hquld of ogreater specific gravity than
that of the fluid to be measured, “the area of
cross-section of one of said Ieceptacles being

definitely varied relatively to the distance
from a level of reference, means whereby

differential pressures der ived from the fluid
to be measured cause flow of said liquid from
one receptacle to the other, a scale operatively
connected to the receptacles for weighing the

105

110

I15

120

125




(O

20

30

35

4.0

=

liquid so transferred, and a counting-regis-
ter controlled by said scale, substantially as
specified.

5. The combination in apparatus for inte-
grating a function of fluid-pressures, of two
connected receptacles jointly contmmnﬂ )
body of liquid of greater specific gravity than

that of the fluid to be measured. Lhe area of

cross-section of one of said l'efJOpL‘LcleS being

definitely varied relatively to the distance from
a level of reference, means whereby differential
pressures derived from the fluid to be measured
cause flow of said ligquid from one receptacle
to the other, a scale operatively connected to
the receptacles for weighing the liquid so
transferred, a graphical recording device and
a counting- IBU‘lStBI‘ both controlled by said
scale, subst.:mtmllv as specilied.

6. The combination in apparatus for inte-
grating a function of fluid-pressures, of two
connected receptacles jointly (‘Ontammu a
body of liquid of greater specific oravity than
that of the fluid to be measured, means where-
by differential pressuresder ived from the fluid
to be measured cause flow of said liquid from
one receptacle to the other, a scale for weigh-
ing the liquid so transterr ed, a registering de-
vice having as its initial olement 2 ratchet-
wheel, and a rotating pawl-carricr, means for
throwing the pawl out of eng aoement with
the mtclmt wheel at a certain pomt 1n its ro-
tation, and a cam-plate operatively connected
with the scale and determining the point at
which the pawl is permitted to engage with
the ratchet-wheel, substantially as speuhed

7. The combination in apparatus for inte-
grating a function of fluid-pressures, of two
connected receptacles jointly COIlt‘LlI]IIlU‘ a,
body of liquid of greater specific gravity than
that of the fluid to be measured, means where-
by differential pressures der wed from the fluid
to be measured cause flow of said liquid from
one receptacle to the other, a scale for weigh-

771,363

Ing the liquid so transferred, said scale having
as an element a tube which consmtute% both a
spring for the scale and a conduit for the flow
of hqmd ito or out of the receptacle which is

being weighed, substantmll} as specified.
8. 'lhe combination in apparatus for inte-

grating a tunction of fluid-pressures, of two
connected receptacles jointly containing a
body of liquid of greater specific gravity tha,n
that of the fluid to be measured, means where-
by differential pressuresder 1ved from the fluid
to be measured cause flow of said liquid from
one receptacle to the other, and a scale for
weighing the liquid so transferred, elements
of said scale being tubes each of which con-
stitutes a spring for the scale, and also a con-
duit for the flow of fluid from and to the re-
ceptacle which is being Weighech substantially
as specified.

9. The combination in app‘u atus for inte-
grating a function of fluid-pressures, of two

connected receptacles Jointly conta,mmo' a

F

body of liquid of greater specific gravity than
that of the fluid to be measured, means where-
by differential pressuresder wed from the fluid
to be measured cause flow of said liquid from
one receptacle to the other, and a scale for

weighing the liquid so transferred, elements

of said scale being tubes each of which con-
stitutes a spring for the scale, one of said
tubes forming a conduit for the flow of said
heavier liquid to and from the receptacle which
1s  being weighed, and the other forming a
conduit for the flow of the liquid which i
being measured to and from said receptacle,
substcmtm,llv as specified.

Intestimony whereof I havesigoned my name
to this specification in the presence of two sub-

scribing witnesses. |
WALTER FERRIS.
Witnesses:
K. K. BEcnToLp,
Jos. H. Krun.

45

50

55

60

75

30




	Drawings
	Front Page
	Specification
	Claims

