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HENRY R, WORTHINGTON

The Meter System

The Meter System is now so generally recognized that no
argument is necessary to establish its equity and desirability from
every standpoint. Meterage is the only possible method of justly
apportioning to the users the cost of supplving and distributing
water. Any other method adds the cost to the general taxes plus
the waste which invariably exists where the meter is absent.
Statiztics of metered, unmetered and partly metered cities show
this latter item to vary from 50 per cent. to 300 per cent. of the
cost of furmishing all water really required for use.

Consideration of the subject, therefore, quickly centers on
the type of meter to be employved. On the following pages are
llustrated and deseribed Worthington Meters of the Piston, the
Dizc and Turbine types, representing the present highest develop-
ment of the art of manufacturing machines for measuring water,
oil and other liquids, as well as for power plant use on boiler-
feed lines. )

Worthington Meters have been used for over fifty years,
and the sizes and patterns built cover all conditions of service,
whether of guantity, pressure, temperature, etc., but only one
guality—bhest described as " Worthington,"

When installing meters, users should observe ordinary pre-
cautions.

Pipe lines should be flushed out before attaching the meter.

Care should be taken to keep red lead out of the meter.

Where hot water is apt to back up in a pipe line on a cold
water disc meter, a swing check valve should be placed in the line
on the outlet side of the meter.

Disc Meters may be placed vertically, if desired, but Piston
and Turbine Meters should invariably be placed on a horizontal
plane.

Hot Water Meters should always be selected with special
reference to the particular services upon which they are to he
used, and should be frequently cleaned to insure continued
accuracy and efficiency.
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HENRY R. WORTHINGTON

The Worthington Disc Meter

The Worthington Dise Meter combines minimmom weight with
reliability on constant service and accuracy of registration.

This Meter represents the most advanced practice, eliminating
the wealknesses which have lLeen encountered in the past in other

similar meters. It is simple in construction, the workmanship and
finish are of the highest grade, and, all parts being made Lo gauge, are
interchangeable. A water-balanced disc 12 employed, thereby reducing
wear to the minimm.

An opeming in the bottom of the inner case under the ball bearing
of the dise provides egress to the settling basin in the bottom for any
fine silt or sand carried by the water. In other forms of construction
sand and silt are carried under the ball, causing vapid wear.

The interior case. or measuring chamber, 15 of hrass composition;
and the flat disc is of a special hard rubber composition, hemg moulded
under a Pressure of 2 (K0 pounds per square inch.

The top outside casting of the *g-inch. #j-inch, 1-inch. 1li-inch
and 1Ls-inch sizes is made of the best composition, or of iron galvanized,
as desired. The covers of the larger sizes are usually of galvamzed
ironn.  The bottom casting of the amaller sizes carrving the mlet and
outlet spuds are usually made of composition, and the main body or
bottom eastings of the larger sizes of iron galvanized. However, when-
ever required, meters of all sizes are made of brass and bronze composi-
tion throughout, except, of courze, the dize, which is always of hard
rubber composition.

In all sizes the pipe openings are on the lower casting.  This permits
the meter to remain in the ppe line when the top cover has heen taken
off for examination or cleaning.

The construction of the Meter is such as to lend itself readily to
the various forms of ' sealing ™ which are in use in varnous cities, whether
this takes the form of clamps over the couplings, patent sealing coup-
lings, wire and lead seals connected through holes in the main flange
bolts, long-head serews on the counter boxes and the coupling nuts,
or wax seals stamped with the water department deviee,

The composition for all of the main castings of Worthington Meters
is of a special mixture which is not susceptible chemically to the action
of hard and alkaline waters, which are found in many parts of the
country, and which composition also resists the action of the traces of
acids, which appear in many places.  All Worthington Meter castings
are made from new mixtures throughout, no serap metal entering into
their composition under any circumstances,
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The Worthington Disc Meter

The intermediate train is one
of the wital parts in a meter, as
upon its accuracy and weanng
qualities depend not only the origi-
nal efficiency of the meter but also
the period of its useful life. In the
Worthingten  Meter this feature
has received the most careful study
and thorough experiment, and the
gear train shown in the cut repre-
sents a development which gives a
combination of light running, accu-
rate transmission of the nutations of the dize to the counter and long
wearing qualitics never before secured

From the sectional illustration on page 4 it will be noted that the
train is securely anchored upon the disc chamber, thus securing rigid
support, and insuring the exact centering of the control with the disc
apndle. 2

The firzst spindle, which carmes the drving pawl, has a long hear-
ing in the bottom plate and also in the top plate.  Both of these bearings
have bushings made of fine quality of rubber. This spindle carnes a
large, heavy, hard metal pinion which engages with the first gear
This first gear, being the fastest running, is made with an extra wide
face.  The gear has the number two pinon pressed in and the spindle
is then pressed in the pinion, making the three parts as one. The
spindle has a good wide bearing in the top and bottom plates.  Gear
number two has the same long bearings in the top and bottom plates.

Mumber three pear 15 mubber bushed and 5 journaled on a hoss
on the top of the upper plate.  Openings in the web of this gear permit
of the entrance of the prongs of the intermediate pawl (see sectional
cut, page 4}.

The train is composed of the fewest possible parts, each designed
with regard to highest efficiency in its particular function.  The pinions,
the gears and the plates are of our special anti-acid composition for
this purpose, which also possesses superior weanng  qualities.  All
wears are cut on the most improved hobbing machines and, of course,
bemg made Lo rauge, are mterchangeable.

The Worthington improved counterbox obwviatez the nuisance
of drying cut of materials used to hold
in the glass, also guards apainst mois-
ture getting under the glass. This 1s
held in place by a hbrass wire spring
held in a groove and is packed with a
rubber zasket. Also, it will be noted
that & new glass may be put in place in
A IMeanent.
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The Wc}rthington Disc Meter

The meters illustrated are the §-inch, 2-inch and 4-inch sizes
The first shows the g-inch, i-inch and l-inch; the second the 1}-inch,
13-inch and 2-inch, and the last the 3-inch, 4-inch and Ganch meters.
Ewvery meter is accurately calibrated in the works before shipment,
and we are always ready to replace without charge any defective
material.  Unless otherwize specified, standard straight couplings
are furnished with the first three sizes, but no couplings are furnizhed
with larger sizes, unless specially ordered. Sample meters for test
and trial are furmished to water worlks departments where desired.
 covering the several sizes which are

The following table gives d

always carried in stock for immediate shipment,

SIZES AND CAPACITIES OF DISC PATTERMN METERS

Clallons per Minute Civer-All THmensions
Sizes T
Narmal Lemprtl Height i L
Capneity neh Tnch Inch
12 15 it (i} [ Salma
1 24 an 9 T3 i3 Salme
1 i= (A 107 T3 B4 Salop
1} (i} 75 112 51 L Salla
14 il ] 12§ 9 10} Salpe
o A 115 150 14 10 123 Balpo
a9 201 270 4 14 1= =
4 400 5441 20 15% 231 A
i - T L0 b 14 S



HENEY R. WORTHINGTON

‘The Worthington Duplex Piston Meter

The Worthington Duplex Piston Meter is of the positive displace-
ment type and has made a record during fifty years of service which
has earned for it the reputation " unequalled for accuracy and dura-
hility."

The phantom engraving shows the detaled comst ruction, which
in general design 15 simalar to that of the ondinary duplex double-
acting pump.  As a matter of fact, the first duplex pump ever bt
was designed by the late Mr. Henry R, Worthington from the Weorthing-
ton Duplex Meter.

There are two cylinders, m each of which a plunger moves for-
ward and backward through bronze hinings, carryving a shde valve over
ports in the bottom of the meter. Through these ports the chambers
at either end of the plungers are alternately placed in communication
with the inlet and discharge openings. One of the plungers imparts
a reciprocating metion to the lever, shown near the top of the main
casing, which in tum operates
the counter movement through
the spindle and ratchet, as
shown, Thus it will be zeen
that the counter is arranged
to move the dial pointers once
for every four stroles of the
plungers, and that water
cannot  pass through  the
meter without remstration for
all water song through must
enter one o the other cyvlinder
and be displaced Dby the
plungers, and Lherefore
recorded Ty the movement
of the lever and counter
mechamsm; nor can there he
an over-registration, because
the plungers cannot move without displacing the fluid in the evlinders,

The Duplex Piston Meter is the only meter having no inter-
mediate train gear in the water. Also, it is the only meter in which
the counter will not reverse if the water runs through backward. [If
the plungers stop the water is cut off and, of course, the meter ceases
registering at onee, thus necessitating prompt action looking to the
removal of the cauze of interference with the registration.
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The Worthington Duplex Piston Meter

Thizs meter is particularly adapted to larse and heavy water
works service. The main body casting, bottom, cap and heads are
made of the best guality cast iron; the cylinder linings, plungers,
slide wvalves and wvalve seat are made of a special brass composition,
as are also the lever, spindle, spindle stuffing box and ratchet move-
rater, as the slow motion of the

ment.  There 15 no g
moving parts obaviates the necessity for an intermediate train between
the measuring chambers and the counter.  This meter 15 not affected
by the warm water which sometimes backs up in service pipes, a feature
appreciated by all water works.

The standard meter is designed for working pressures up to 125
pounds.  Heavy pattern meters for 175 pounds pressure are furnished

at small additional cost.
SIZES AND CAPACITIES OF GENERAL SERVICE METERS

s Dol
Dver-All Dimensons el

Gallsne per

it i Width | Heigl 1
Fpming - itk alt eight rasa
e x| LR | ks | inakes Meter | Conplings
Ein. pip 11} gal 15 L] 13 -."E.||-:|.j !':\'||-|,|||
1 “ o 17 14 15 Sal 1y Sabns
1 " 37§ - 20 15 16 ] Sacal
14 " 45 = 17 i 17 Sacea
g g G- (K] G 17 ; Sacch
3 " 172 7 s 22 4| Habop | Hacel®
4 “ 450 . a7 34 i Sahor Sacho*
i g R L 51 i 1= Habta Sacku*

* Hprew Flanges,



HENEY R. WORTHINGTON

Intermesdiate Tramn
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FINCH MODEL F FROST-PROOF METER
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The Worthmgtﬂn Frost-Proof Meter

Frost-Proof

When the water 12 frozen, one or more of the breaking frost-
clamps give way, velieving the pressure and protecting the meter from
damage.

Cost of MNew Parts

Five to twenty cents.

After Freezing

After the Worthington frost-proof meter has been frozen and
ome or more of the iron frost-clamps have been broken out, it is only
necessary to snap into place new clamps. There are no other repairs
requiredd. [t i3 not necessary to open up the meter, nor to have i
re-calibrated.

Construction

All parts coming into contact with the water are made of non-
cotrosive composition or rubber. The bottom plate is covered with
a tubber gasket. Only one large tap bolt in the hottom iz used to set
up the frost-clamps.  No other bolts are used inside or outside.  This
is a full capacity meter, of wnusually heavy and substantial construe-
tion, insuring greatest durability; it is sensitive inits Operation. securig
the highest accuracy.
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The Worthington Turbine Meter

Hection Through G-Inch Sizé

The Worthington Turbine Meter is a development of the well-
known Worthington Turkbane I‘ump. It 15 of the current or ** velocity '
type, designed primarilv to handle large volumes of water with mini-
mum loss of pressure.  Remarkably sensitive on the smaller flows, it
satisfies demands at both extremes of the most exacting service.

From the sectiomal ¢ut, it will be seen that the water enters the
main casing through a slide strainer. The column then divides, flow-
ing to both sides of the double wheel, which carries two sets of vanes.
Thus an absolute water-balance is gecured, and the end thrust and
consequent wear which oceur i those forms of construction emploving
only one 2et of vanes on the wheel 15 eliminated. This point 15 vital
to continued accuracy and durability in the meter.

The wheel is surrounded by a chamber of the volute pattern,
providing at all points of the circumference the éxact cross-sectional
area necessary to handle the amount of water discharged by the wheel,
at the same time conserving the speed of the water column. The
wheel 15 of #pecial hard rubber composition, of pract wally the specific
gravity of water, and iz carried on a vertical shaft of Tobin bronze,
which turns on a jeweled bearing,

Owing to the water-balance mentioned, the friction at this point
15 shight, being only that due to the small excess weight of the wheel
and shaft over that of the water displaced. The meter presents no
other contact or wearing surface, outside of the clock gearing; the
main outer castings never wear and a meter of this Lype may be regarded
as a permanent installation, as practically the only parts subject to
weat are the counter, ‘-’t'.lHl'I_L and the zhaft bearing,

Special attention is directed to the amplicity and convenience
of general construction. The strainer iz reached through a separate
hand-hole plate, and the casing 15 of hberal dimenszioms, [M1'I1'I!L11r1L of
easy cleaning. Removing the main cover, the working parts may be
at onee lifted out for exantination or repair. This is Llr_tcm}“]m]wrl
without hra.-alnm the joints or in any way disturbing the main body
asing in its position i the pipe line,
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The Worthington Turbine Meter

8-Inch Hize

When nstalling large meters, it s customary to surround them

5, =0 that in the event of accident to the meter the

with a hy-p
Aow of water would not have to be eut off. This form of install
iz not essential with the Worthington Turbine Meter, as, when the

t= have been taken out for examination or repair (as ex-

MOVItg |
plained on the opposite page) and the cover replaced, the water may

be passed through the main casting as a part of the pipe line,

The 2-inch size has the openings tapped for standard iron pipe
thread, and the 3-inch and larger sizes have the openings flanged, as
shown by the cut. Screwed companion flanges will be furnished with
the 3-inch, 4-inch and 6-inch sizes where demired.  The following table
gives data covering the standard sizes usually carried in stock.  These
meters are designed for a working pressure of 1500 pounds per square

"

ing pressures up to 250 pounds per square inch

1ed, at small additional cost, for work-

inch. Special meters are furn

SIZES AND CAPACITIES OF TURBINE METERS

Ciallons per Ainute Oiver-All Dimemsions
t Telezraphic
Bapes Croale Wand
Widih

Max
(& Lew:hors

2-inch LM 250 11
g Aan aall 13
S 00 160K 16

L 134100 2300
B 000
4500k HIMI
iS00 L

k=]




HENREY E. WORTHINGTON

Worthington Duplex Piston Hot Water Meter

FOR BOILER TESTING

The Worthington Hol Water Duplex Piston Meter 18 essential to the proper
testing of a boler plant. Tt s also an invaluable adjunct in trying out the steam-
making value of 4|FiIT|'r|'r|I fuels. For the continoons measaring of large volumes
of hot botler feed water under pressure we recommend the Turline Hot Water
Meter, shown on page 17,

The Duplex Piston Meter, as will e seen from the sectional cut, is practically
the water end of a duplex donlde-acting pump, having the cross-over valve maotion
in the hottom,  The moving parts congist of two plungers and two shde  valves
with & lever which conveys the motion of the plulu:l,'rs-' toe the recording mechamsm.
The ends of the cylinders are fitted with adjustabie tappets, By screwing thess
in or cmt, the length of the plunger stroke, and comsequently the displacement
per registration on the counter, may be altered,  This provides means for calibrating
the meter for any service, as explained on page 13, Xo adjustment is possible in
any clher form of measuring apparatus,

This meter 15 regularly made with the main casting of iron galvamized and
bronze-lined, and the plungers of hard, close-grained cast iron, or of brass composi-
tiwm, as may be specified. This form of construction is offered for any working
pressure up fo 175 pounds per square inch, and any temperature to the boiling
point,  Special meters, with the main body castings of composition, are furnished
for any working pressure to 200 pounds, and any temperature to 250 degress.

SIZES AND» CAPACITIES OF DUPLEX PISTON TEST METERS

Telegruphie Cocle Worids

iz Maztmuam Herse-
ot odlane Maotes Test Fartings
a-inch Sadar Sagar
g N Bailed Sapgen
1 5 Bailel Haglo
1y " Sadfa Sagho
2 4 Badgo Hagin
: L Sadha Sagho
4 " Sadir Sagla
i Sadke Sagma
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Worthington Duplex Piston Hot Water Meter

FOR BOILER TESTING

&)

A
!!,'.

By-Pass Connections

Hot Water Test Meters should be connected o g by-pass, as shown by the
cut. The advantages of this arrangement are obwious, as the meter may be thrown
i or out of service as desired, without interrupting the Aow of the water to the
boilers, and may be calibrated under the actual running conditions withowt breaking
the piping. The meter should be placed in the main feed line, between the pump
and the heater, if possible.  If all of the piping 1= not in the same plane the meter
sheuld be located at the lowest point. The cut illustrates the most direct and
simple method of making this installation.  The test fittings consist of twa three-
way valves, one angle valve, thermometer and brass holding eup for same, and the
necessary pipe, elbows and unions.

T test the meter when comnected in this way, and referring to the cut, set
the threc-way valves "A™ and “B™ to chut off the main line to the boiler and to
pass water through the meter; open the angle valve " from which a connection
may be made to a cask or tank on a plattorm scale. The relation between the
weight of water as shown by the scale and the counter reading, taken in connection
with the temperature of the water (see table on page $#0} gives in a percentage,
pluz or smnus, the correction to be applied to the counter reading. O the meter
may be adiusted to an exact balance by screwing in or out the tappets i the emd
of the cvlinders, as may be pecessary to alter the plunger displacement, when the
counter reading may be accepted as final,

When calibrating a meter of large size on a small quantity of water, it is to
be noted that the counter mesves only once for each complete revaolution of the
plungers; that 15, cach plunger must take one steoke forward and one stroke back
before the counter mowes once, and, therefore, it 15 essential that the plungors
should be started and stopped in the same relative position an order to secure
accurate results from the tests,

It will be seen from the above that this meter may be calibrated after having
been piped up, under the running conditions, so that all parties interested in the
test may be satisfied by actunal demonsteation of the accuracy of the meter.

In all tests for the comparative values of diferent fuels, or to determine the
efficiency of a boiler plant, the absolute certainty of the amount of water evaporated
by the boilers 15 an invaluable consideration.
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The Worthington Turbine Boiler-Feed Meter

HEAVY PATTERN—FOR HOT WATER

A hot water meter is an essential element of boiler plant economy. 1t is of
Ittle value to weigh the coal if the feed water is not measured. [ts use solves the
difficulty of readily ascertaining the steam-making values of different fuels. [f the
boiler is overtaxed, or affected by scale or soot, the method of fring inefficient,
the furnace defective, or the coal of inferior quality, the fact 18 reflected immediately
in the registration of the meter.

For the continucus measuring of hot botler-feed water under pressure, the
Worthington Special Hot Water Turbine Meter is recommended.  This meter
is particularly adapted to this very severe service on account of the absence of
hearing and wearing surfaces, the only point of contact outside of the clock gear-
mg being the jeweled bearing which carries the wertical shaft amd wheel. The
wheel is double and water-halanced, eliminating end thrust. Consequently, the
friction at this point is reduced to & minimum. Practically the only parts in the
meter which are subject to wear are the bearing points mentioned, and the inter-
mediate gear-train, and these may be readily and cheaply replaced.

The wheel 15 of spun copper, making it impervious to the chemical action of
hoiler compounds which are frequently pumped through with the feed water, ani
as the wheel itzelf has no bearing surfaces it 15 nol sulpect to wear,

Turbine Meters are sensitive, accurate within the himils of their capacities
and unuzually duralble. They may be absolutely depended upon for a contin-
ucns record of performance of the boiler plant,
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The Worthington Turbine Boiler-Feed Meter

HEAVY PATTERMN—FOR HOT WATER

Hot Water Meters

should alwavs be selected with a view to all
the condit i

ions of the service, and not for the maximum acity only
Where the guantity of steam d froam the boilers ity
during nt periods of the day, . advizable to install two meters
of a size smaller than requited for the maximum capacity; these meters
to be connected on a "Y' and only one usec the smaller flows
When advised as to full details of the service we will recommend the
proper installation.  We should know the maximum actual developed
horse-power of the boilers, extreme variation of the service, tempera-
ture and pressure,

The meters are designed for any wo
per square inch, and any temperature to 25
calibrated in the shop for the specia

sure to 250 pounds
ch meter is
it iz intended,

SIZES AND CAPACITIES OF HOT WATER TURBINE METERS

Over-A01 Dhmem=sins

Cuparity
=008 Horse-Power of Baodlers Length Wideh
Trewrhess Ttvthes
Zoanch 20M to T 14 111
fi A1t LA0D 21 14
4. A 12001 T M 44 14
(i il 250 Lo GO a2 20
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Installation and Care of Hot Water Meters

For constant service on a hot water boiler feed line the Turbine
Meter should be installed in the main ling, on the discharge side of
the pump, in a horizontal plane, at a low peint in the pipe line, and
there should always be a separate strainer in the line on the inlet side
of the meter. An installatiom of this character should always be
properly proportioned for the minimum as well as for the maximum
service.  For example, a 1,000 horse-power boiler plant which operates
gix days a week and ten hours a day at its maximum capacity, or at
an overload, and which has a night and Sunday load of possibly only
A or 100 horse-power, should be equipped with a meter of suitable size
on the main line, separate strainer, and a small meter on a by-pass for
the light loads, this heing connected into the main line with a couple
of three-way valves, so that it may be mmstantly thrown in or out of
service.  Also, the turbine meter should be kept clean.

Other possible variations in the installation are referred to on
page 17.

The Worthington Strainer for Heavy Pressure

Thiz line of strainers iz desipned for a working pressure of 250
pounds per square inch, and, while
especially designed for use in con-
nection with the heavy pattern
Turhine Meter, iz suitable for any
other situation where it 1= desirable
to stram water under heavy pres-
sure. oSuch a strainer may be
readily  cleaned, and this can be
done in a few minutes and without
trombile.  The use of a stramer goes
far to insure a clean and, therefore,
an accurate meter, and also helps
to lkkeep foreign material out of the
benler.

TABLE OF SIZES AND CAPACITIES

: Bas to Flitans Trle-
Bizen Length Height Center o graphio
- [nohes [nehies Ui e B I
[ Diiameter Bolia Clirels Word
Z-inch 3 33 fif-inch 4i-inch 5 -inch | Tacad
o 13} B o L Bg “ Tador
4 ® 1G 51 1 0 85 = e Tafad
6 23 113 134t 12; log " Tagos

18
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Fish Trap or Separate Strainer

Cut Shows I-inch, 4-inch and 10-inch Strainers

Where separate fish traps or strainers are «
by the cut will be found most convenient, as it will be seen that the
gtramer, when once connec in the pipe line, can be cleaned when
the cover has been removed, without the necessity of breakimg the
pipe connections,

The stramer proper consists of two cast brass slotted pla
rest in vertical prooves, The total area through these sl
than the area of the pipe ine. The plates may be readily talken out and
cleaned.

The §-inch. #-inch, 1-inch and 13-inch strainers have the openings
tapped for standard pape thread; the larger sizes are flanged

Special attention 15 directed to the fact that the Worthington
Dhise Meters are provided with interior strainers, and that, therefore,
separate fish traps are not usually required. Cold water Turbine
Meters also have strainers placed in the main body castings.

red, the tvpe shown

SIZES OF STANDARLD STRAINERS

& Length | Height Center of Earizes Telegruphic
o Tivches Irches Crp=ning Chonler Word
Inokse: Driameter [olts Cirele
§-inch 7 5 3
o : o a
11 . =1 3z
a ] - g
a L'l it ;.' i i
& ].'f 1054 7% V-1, -I,; 1
4 151 T2 T4 ks i3 #
6 * 20 LG4 104 1 Al
5 22 171 E L3k " a5
1 2% 224 111 G " 123
1z = 2 2T 141 10 12y “
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The Worthington Duplex Piston Beer Meter

For measuring hot or cold beer, the Adjustable Duplex Piston
Meter is specially adapted. [t is made of the best bronze composition
throughout, and on account of the adjustable tappetz in the cylinder
heads may be calibrated for any service.

The counter reads in barrels, and vent cocks are provided for the
escape of air or pas.  As shown m cut, these meters are mounted on
trucks on wheels for convenience in moving from one vat to another

The construction i3 exceedmgly simple, being practically  the
liguid end of a pump. The moving parts consist of two plungers and
two ordinary slide valves. The meter being of the positive displace-
ment type, absolute accuracy of registration is assured at all flows
and under all conditions.

Mo brewer can afford to be without a Beer Meter. It is invaluable
in connection with checking up the daily output,

SIZES AND CAPACITIES OF WORTHINGTON BEER METERS

Telegruphic

Over-A4 11 Dimensic
ver-All Dimensions Cod s

e of
g it Widt o ;
ot | | B | eer | o

J-in. pips 4 Czallons 14 g 14 Sarba | Barla
Lo ] W 14 13 15 Sarhe Harlu

1 F a W & 15 1% Sarbi BETIA

g @ 1 H ] RS i ] Sarce

gin m - 21 17 21

3 2 Gk = 25 22 25

H i 175 11 34 12 Sarpu
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The Worthington Beer Meter

D15C PATTERN

For measuring hot or cold beer, special Beer Meters are furnished
made of b are mounted on wheels for con-

VeRience 1 moving

155 throughout, Thes
from one vat to another. Polished brass handles
and brass couplings or Hanges are part of the regular construction
The counter is of the three-circle type, reading 1, 30 and 300 barrels
The use of these meters in a brewery affords the most simple,
of repulating and controlling  the

aceurate and convenient moethaod

daily output.

SIZES AND CAPACITIES OF DISC PATTERN BEER METEERS

Over=4 11 Dinsensions
Telewrnph

Capneity in Challins
Cade Ward

Hza ol
Chpening por Minuee Langth Width Hisight
Inchies Inehivs Irivhee=
Leaanich 15 Gallons it L1 fid Moo
R a0 v ] F T Sanlan
4 - .
| [ [ s 103 = i Safm
| ] s 128 141} N Bapon
gt 1501 v 1452 12 134 Sarmadim
3 270 - 4 174 1 Sapur
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The Worthington Duplex Piston Oil Meter

For measuring crude
oil, petroleum and naphtha
from and into tanks, or
from wells, and for record-
ing the amount of oil used
in  comnection  with ol
burning  apparatus,  the
Worthington Duplex  Dis-
ton Oil Meter is indispen-
sable

We are manufacturers
of all types of meters, but
in our experience the only
form of construction which
is accurate and reliable for
oil measuring jurposes is
the peositive displacement
machine of the piston
type.

These meters have extra wide flanges and are fitted with metal
buffers in the heads. The cylinders arve provided with air cocks at
the top, which should be opened at intervals when the meters are
worked on such fluids as naphtha, bengine, kerosene, etc., to release
any gas which may collect in the cylinders.

The ends of the cylinders are fitted with adjustable tappets,
which are shown in the illustration. By screwing these in or out,
the length of the plunger stroke is altered. This permits the exact
alibration of the meter for any varving conditions of service, and
the meter may, therefore, be calibrated as often as thought necessary
under the actual working conditions.  This feature of adjustment
after the meter has left the factory is found in no other measuring
apparatus.

All of these meters are designed for a working pressure of 175
pounds per square mch.

TABLES OF SIZES AND CAPACITIES

Hige ol Chaantity per Minute on Constont Telegraphin

Mater HEervi Cade Word
-1n. pipe 1 Liallon Sanbo
% 5 4 Gallons Sanbu
: W % a Sanca
1 i 12 - Sancu
i ° 16 = Sangu
a t N o Sanhba
2 u (i1} 3 Sanpe
1 a 175 H Sanra
[ = EE) ) Sansn

MOTE —The }-inch size s made only of brass eompositicn throughaae.

The =inch kos the inlet apd sutles openings tappsd for standard {-inch pipe thread,
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Duplex Piston Oil Meter

The meter should be set in a horzontal plane with the inlet
pipe connected to the inlet opening, and preferably at the low
point in the pipe line.  There should be & net pressure at the

INSTALLATION inlet opening of not less than fve pounds per square inch for
the smaller gzes and eight pounds to ten pounds for the four
inch anid six-inch sizes in order to secure the full eatings specified

: : in the table on page 22, No special foundations ane required,
nor is any adjustment necessary. The meters are tested before being shipped

from the factory,

Mo special care or attention 15 required o connection
with the operation of a Duplex Piston Oil Meter, unless the
cil handled 15 of such a character as to clog ap the ports or

OPERATION to make a deposit on the moving parts, when, of cours, the
meter should be blown out as often as necessary.  When first
started up the air cocks in the top of the evlinders should be

opened. and as soon as the fuid appears should be closed.  Also, when the meters
are operated on guch fAuids ag benzine, naphtha, etc., these valves should be opened
at antervals 1o free the meter of gas, ag the collection of gas in the cvlinders, of
conrse, interferes with the accuracy of registration.

When it is desired to test and calibrate a meter, a quantity
of odl aor water should be passed through equal to a complete
revalution of the hand on the first circle, the fluid hemg carried
into @ cask or tank on a platform scale.  Then if the excess

CALIBRATION  weight in the tank does not coincide with the counter reading,
the meter may be brought into exact balance with the counter
reading by lengthening or shortening the plunger stroke, This
iz accomplished by screwing i or out the adjustable tappets
in the emds of the cylinders.  All four tappets must be moved

evenly so as (o keep equal plunger stroke both sides of the center, Usually a one-
quarter or one-halfl turn on the tappets would take care of any small variation in
the service,

Meters should not be tested on quantities smaller than mentioned, if exceed-
ingly accurate results are required, as the counter only moves once for each complete
revolution of the meter, or four single strokes of the plungers, and if tests are made
on small guantities, care should be taken to see that the plungers are started and
stopped in the same relative position.

The counter is read the same as the ordinary gas meter
register.  The first or right hand figure of the answer 15 taken
TOREAD THE  from the circle marked 10, the second figure from the circle
COUNTER marked UM, and 50 on. When a pointer is between two
figures, the smaller must be taken, as it is obvicus that the
puinter is traveling towards the larger figure and has not
reached it
Dials of 4-inch and f-inch meters have the first circle reading 1000 therefore,
the first and second fipures of the answer are to be taken from the first circle on
these dials.  In other words, if the hand is between the 3 and the 4 on the first
circle of such dials, the answer is 30. When one polnter is so near a figure as to
jnelicate it exactly, ook at the circle next lower in denomination, and if the pointer
on that circle has passed the 1, "' then the count should be taken Er._-r the fgure
which the hand on the higher circle seems to indicate, but aot otherwise,
MNOTE.—In ordering parts, the size and serial number of the meter must be
given, in additicn to number of part as found in above st
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Testing of Water Meters

The only reliahle method of testing meters for accuracy s by
weighing a quantity of water drawn through the meter, and compar-
ing this quantity with the counter reading. Many water departments
are now provided with especially designed testing apparatus, but
where such facilities are not available the following points should he
ohserved, especially when testing meters of the current type.

A full flow of water should come inte the meter itself, the rate
of flow to be regulated by a wvalve on the outlet side. This insures
the meter being alwavs full of water and under pressure as in regular
serviee on a pipe line, Whenever possible, a gquantity of water at
least egqual to a complete revolution of the hand on the first arcle of
the counter should be measured, as readings of fractioms of the first
eirele are not sufficiently accurate for the purposes of a test on small
quantitics of water. When testing current meters of large sizes without
proper facilitics, preat care should be exercized in reading the counter
the mstant the flow of water 12 cut off.

Dise and Turbine Meters, which have been repaired locally and
do not test accurately, may be corrected by substituting change pears
between the counter and intermediate tram.  Piston Meters are sitnilarly
corrected by removing or putting in paper packings behind the buffers,
thus altering the plunger stroke.

Hot Water Meters are built with proper allowances for expansion
of the parts. Such meters should be tested only on hot water, as with
cold water there would naturally be some slippage.

All new and repaired meters are tested in the factory, and no
meter is shipped until it fullv meets the standard requirements for
that particular size and type.

Worthington Meters may be calibrated to meet any special test
requirements of any water department, and such special calibration
will he cared for without extra charge when the specifications are on
the orizginal order.
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Meter with Elevated Counter

Where meters have to be placed below the surface of the ground
or in other positions difficult of access for the purpose of reading the
counter, it 15 convermnent o have the meters Atted with an extenzion
counter fitting, as shown by the accompanying illustration.  These
extension counter fittings are made s that they mayv be apphed 1o
any size or type of meter, either new or now m serviee.

The fittings are made standard
i four sizes, 18an., 24an., 30-an.
and 36-in. hagh; that 1z, the heures
given indicate that the top of the
counter box is just =0 much higher
than it would be as regularly placed
om a standard meter. If the stand-
ard heights specified do not meet
any particular case, special fittings
will be supplied of any desired
height, but, of course, at o some-
what additional cost,

The standard lengths are
always carmied n stock and are
inexpensive,

In ordenng meters with ele-
vated dials, it 13 necessary that the
exact extra height desired should
be specified.  When setting meters
with elevated dials, it is essential
that the meter should he so placed
as to protect the extension fitting
against injury.
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HENRY R. WORTHINGTON

Instructions for Reading Counters

The cuts on the opposite page show the standard circle form of
dials used on wvarious sizes and types of Worthington Meters. The
counters for meters of the smaller sizes have a circle registering one
cubic foot. This is for testing purposes only, and is to he disrogarded
in reading the counter.

The counter is read the same as the ordinary gas meter register,
The first or right-hand figure of the answer is taken from the circle
marked *10;" the second figure from the circle marked ' 100," and
20 on.  When a pointer is between twao fipures. the smaller must be
taken, as it 15 obvious that the pointer is traveling towards the larger
figure and haz not reached it.

Fig. Mo. 1 shows a six-circle dial, and Fig. No. 2 a seven-circle
dial.

Attention 15 directed to the reading of the pointers as placed,
which, with the above explanation, will enable anv one to read any
counter at a glance,

Fig. No. 3 shows a seven-vircle dial for imeters of larger sizes,
without the =zingle cubic foot circle, which is omitted, as it 15 of no
value in testing a large meter,

Fig. No. 4 shows the dial for 4-inch and 6-inch meters.  Ohwing
to the mereased quantities of water handled by these sizes, the first
cirele 15 made to read 100 cubic feet, and consequently the first and
second figures are taken from this arcle. For instance, if the pointer
15 between the fipures 3 and 4 cn the 100 cubic-foot cirele, the reading
is 30 cubic feet.

When a hand on anv circle is so near a fipure that it seems to
indicate it exactly, look at the circle next lower in denomination, and
if the hand on that eircle has passed the “0," then the count should
be taken for the figure which the hand on the higher circle seems to
indicate, but not otherwise,

Dials are also furnished, when required, to register in United
States gallons, imperial gallons, litres, ete,
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The Worthington Disc Meter

Paris of Model 13" Meter
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Number and Name of Disc Meter Parts

1 Bottom Case

2 Top Case

3  Repister Box

4 Repister Box Cover

3 Repizter Box (Glass

i Remster Box Screws

7 Mamn Case Bolts

8 DMain Case Gasket

9 Dise Chamber, Lower Half

10 Dhise Chamber, Upper Half

11  Thse Chamber Screws

12 Ihse Chamber Holding Screws

13 Disc Chamber Abutment

14 Thzc or Piston Complete

15 Imtermediate Tran Complete

16 Tram Bottom Plate

17 Train Bottom Plate Holding Screw
18 Train Center Bearing, Train Top Serew
19 Train Center Bearing Screws

20 Train Neoo 1 Pinion and Spandle

21 Train No. 1 Gear, Pinion and Spindle

22 Train No. 2 Gear and Spindle
224 Train No. 3 Pinion and Collar
23 Train No. 3 Gear

24  Train Pawl

25 Train Rubber Control

26 Train Rubber Control Sphit Ring

27 Imtermediate Pawl and Spandle

28 Train No. 2 Gear Washer

29  Stuffing Box Nut

30  Cork Packing for Stuffing Box

31 Register complete with Dial {Circular)
32 Register complete with Dial (Straight Reading)
33 Train Gear

34 Change Gear

35 Strainer

36 Straight Coupling, f-inch to 1-inch

37 90° Bent Coupling, f-inch to 1-inch
38 Coupling Gasket

MOTE.—In ordering parts, the gize and serial number of the meter most be
given, in addition to number of part as found in above Tist.
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The Worthington Disc Meter
MODEL C—CURVED DISC TYPE

RESGHTER 08 LOWER CiaL GLARS
[posPanTIzA b A e
T T T
B s

REGETER B0 - | A
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BOFTAM PLATE BOTTON
[£=-00 LT T ] EturaaTioN b

When ordering repairs please state:
Stze and maodel of meter.
If bottoms are wanted, whether of iron or leass.
If clock and train change gears are wanted, state the number

af teeth; this number is stamped on -the gear.
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The Worthington Turbine Meter

SECTION THROUGH VERTICAL CEMTRE LINE

LIST OF PARTS

Mo Name N MName
|-
| Main Case Cover | 14 Stuffing Box Nut
2 Strainer Cover 15 Register
3 Mhain Case i3 Repister Box
4 Upper Center Bearing 17 Fepister Cover
A Lower Center Bearing 1= Dhial
[ Center Spindle 19 Gilass
i Turbine Whinel 20 Train Gear
] Upgrer Center Bearing Bushing a1 Clock Gear
LI Lower Center Bearing Bushing 22 Studd and Holt
11 Thrust Bearing Complete 23 Strainer
11 Diriving Pawl 24 CGear Train Pawl
12 Ciear Train Complete 25 Center Bearing Ring
1% Giear Train Nut

When ordering repair parts, specify size and shop number of the meter, alsg
ms 1o whether it is for hot or cold water.

4z
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Worthington Recording Liquid Weigher

ENCLOSED PATTERN
CAFACITY. 30,000 POUNDS OF WATER PER HOUR

WORTHINGTON

Thizs is the installation recommended for the average power plant
where the water handled is very hot. The outer tank takes the place
of a hot well, and the storage capacity in the bottom acts as a seal over
the suction valves of the boler feed pump.
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Worthington Recording Liquid Weigher

TYPE A—OPEN PATTERMN
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Worthington Recording Liquid Weigher

This apparatus 1= designed for measuring loguids by weight, and
is to be installed where there is little or no pressure, the lguid Oowing
into the tanks by gravity. It presents several fields of vital importance
in commection with power plant efficiency, and mav alse be used for
many other purposes, such as measuring fuel oil from tanks and tank
cars, handling sugar solutions, chemicals or for measuring any material
in a liguid state.

It is the only antomatic water weighing apparatus made, actually
weighing the water against iron weights fastened on the backs of the
tanks, It is simple, compact and durable, as well as accurate, over-
coming every difficulty heretofore experienced in securing a comtimuons
and accurate record of very hot water used for bodler feeding and other
purposes.  Obviously it is less expensive than, and is infinitely superior
to, anv of the awloward and troublesome weighing outfits used in
many plants for lack of something better,

It has no bearing and wearing surfaces, no valves to leals, and
presents no feature which through friction or wear affords an oppor-
tunity for any falling off in the original efficiency; does not depend
upon volume, as is the case with every other apparatus manufactured
for this purpose, but cach tank, the moment it contains a pre-determined
weight of higuid, tilts on a frictionless kimfe-cdge bearing, whereupon
the whole of its contents i3 siphoned off without leakage or loss.

It offers absolute aceuracy irrespective of temperature; it is,
therefore, the Hot Water Meter which is essential to every up-to-date
plant. 5
It offers practically absolute accuracy irrespective of rate of flow
in the tvpe A pattern. It 1s, therefore, the Hot Water Meter for
measuring the returmns from coils, heating systems, ete.

It records weight; therefore, the counter reading is final, without
making allowances or calculations.

It maintams its original efficiency, on account of absence of wear-
ing surfaces; therefore, the installation is permanent.

When inguiring for weighers, specify maximum actual developed
horsepower of the boiler plant or the maximum quantity and character
of the liguid to be weighed, the temperature and as to whether a
weigher of the open or the enclosed pattern iz required.  See culs on
pages 33 and 34.

4]
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== ——
EsHaUST DUTLET

ETEAM IHLET

Warthington Recording Liguid Weigher in Combination with Open Feed-Water
Heater, Receiving Tank and Boiler-Feed Pump

This represents the ideal installation for a power plant, and,
with the continuous record from a water weigher so placed, the highest
standard of efficiency of the entire plant must of necessity be main-
taimned.

ik
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Useful Information
WATER

A Gallon of Water (U. 8 Standard) containg: 231 cubic inches and weighs
8% pounds.

A cubie Foot of Water contains 74 pgallons, or 172% cubic inches, and wiighs
G231 pounds.

A U Miser's Inch’ s a measure for the flow of water, and is the amoant dis-
charged through an opening 1 inch square in a plank 2 inches in thickness, under
g head of 6 inches to the upper edge of the opening; and this 35 cgual o 11,625
U. 5. gallons per minute.

The height of a column of fresh water, equal to o pressure of 1 poand per squarn:
inch, is 231 feet.

A column of water 1 foot high exerts a pressure of (433 pounds per square mch.

The capacity of a eylinder i gallons iz cqual to the length in inches multiplied
by the area in inches, divided by 231 {the cubical contents of one U. 5. gallon in
inches),

The welocity in feet per minute, necessary to discharge a given volume of
water in a given time, is found by multiplyving the number of cubic feet of water
by 144, and dividing the product by the area of the pipe in inches.

The area of a vequired pipe, the volume and velooity being gven, 18 found by
multiplying the number of cubie feet of water by 144, and divading the ||m-lltll.'l,
by the velocity in feet per minute,  The area being found, the diameter s obtained
by the table of arcas,

Dioubling the diameter of a pipe increases 1ts capacity four times,

The friction of liquids in pipes increases as the square of the velacity,

The horse-power necessary to elevate water to a given height i found by
multiplying the weight of the water elevated per minute, in pounds, by the height
in feet, and dividing the product by 35000,

WEIGHT AND CAPACITY OF DIFFERENT STANDARD GALLONS OF
WATER

Wi
Cuhbie Inches (f:l':ﬂIILI':Lh Giallon= in a

$o-u- Gl ot Cubic Fast | Weight of a Cubic
- foot of water, English
standard, 62241 Ibs,

Imperial or English| 227274+ 10.00 6232102 i :
U:Eﬁ-d States,....| 3L S0 7agonly. | Aroudupas
STEAM

A cubic inch of water, evaporated under ordinary atmospheric pressure, will
be converted into, approximately, one cubic foot of steam, and it exerts & mechantcal
force equal to lifting 2,120 pounds one foot high.

27,292 cubic feet of steam weigh one pound,

13,817 cubic feet of air weigh one pound; the specific gravity of steam atmos-
pheric pressure being 411 that of air at 34 degrees F., and 0006 that of water at
the same temperature, :

Each nominal horse-power of hailers requires from 4 to 8 gallons of water
per hour, ) ) ) )

In calenlating the horse-power of boilers, allow for tubmlar bailers 15 square
feet, for Aue brdlers 12 square feet, and for cylinder boilers 10 square feet of heating
surface per horse-power.

Thfcunjt, of F;n.-.wr for hodlers adopted by the Commattee of Judges of the
Centennial Exhibation, is as follows: One horse-power equals S pounds of water
evaporated into dry steam per hour from feed water at 100 degrees F., and under
pressure of 70 pounds per square inch above the atmesphere.

Chne square foot of grate surface will consume from 10 to 12 pounds of hard
coal, or from 18 to 20 pounds of soft coal, per hour, natural draft.  With forced
draft these amounts can be doubled. i

Giood boilers will evaporate from 7 to 10 poands of water per hour per poumd
of ool
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HENREY R. WORTHINGTON

For Testing Meters by Variation in Weight

Ui il Frson Ton Culsic Fect

Weight of Tral Weight of Treal
Quantity when Meter Cmantity wh Miter r
[ET o Tt B o] 1 ileraregisters
1 61 1hs,, 12 oz=. 5 2 617 1hs, T oEs, 620 Ihs., 15 nEs
T T e e (LR Gl14 =~ 5 R i
2 L) B - e e (13— L L T ¢ e
24 G * 18 = % SR s [ (i i
3 By = .8 " LT1Y S ) B % H
3| B0 * 3 ¢ s nilkl 13 1= e
4 1t Sl | L S 1= 12 tid= mn *
44 5, - oE = i3 R = 63l 12
fiia e o I i% g B 654 ¢ 14
54 Bk M 1h 5 13 % £ o By * —
i 68 " Ao [T 2 1 i 4 * il A
[i%3 hR - M GG " 0 7 ) ey LTS -
T e e titk 12 e Gy " a3
T4 i1 B = L= i i L GI = T
5 ! H = BT = G- Laiaka g O 67 3 g =
&1 = [T 1 ! he i b B a6 " 11 *
[ 12 [T L B ] 13
Gl L L gz * &5 " L e H=2 15
10 o 2 [ T L] Gl a " (v 1

To test meters by varation in weight, place a harrel on a platform
seale and draw nto it one or ten cubic feet, as inthicated ]J_\' 1the meter
counter. The difference between the weight of the water drawn and
the standard weight of one or ten eubic feet is the error in the regis-
tration of a meter

If the trial quantity weighs more, the meter under-registers, and
if it weighs less, the meter over-registers.

The ahove table is for use in connection with tests of meters by
variation in weight, and is arranged to show the percentage of varia-
ko,
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Heat Unitsin Water Between 32°and 21 2°F.
and Weights of Water per Cubic Foot

Hent ;-'*I ight Tem- Heat Tem- Heat I"i- icht,
Unia l:'[_l !PI'|r I1'“1'r-ll_ Units I;‘“r;_ Units Fa 38 [_’;' T ‘
32*F. i} 123°F. 9116 G1.68 168° F. lilr-H | B8l
a5 i 124 2.7 G167 160 137. .79
£ s, 125 9317 GlL65 170 13 | GOLTT
45 13, 126 417 GLGE 171 139, ||r | 60,75
At 18, 127 95.18 alGl 172 14047 Gl 73
62 20k, 125 .18 [ W] 173 141.458 | 6l 70
54 22.01 120 97.19 | 6158 174 14249 | 6065
i 24.01 L0 .56 175 143.50 [ 1N
a8 2601 131 il o 175 144,51 G, G4
Gk ELED 132 00.200 | 61.52 177 Al G
i BRI 133 101.21 G151 178 G, Atk
4 42.01 134 10221 il A 170 GLLAT
fifh 3402 135 10322 | G147 1=1) 6055
it 36,002 131 ; i1.45 121 .53
T d8.02 137 G143 122 [ ]
T2 40005 1358 fil.41 183 | 45
T 42005 130 i34 184 | G046
T 44,0 140 G137 185 | G, 44
T8 46,03 141 6136 156 Fidl. 4 |
= 45,04 142 6il.34 187
K2 S0,04 143 61.32 1548 |
4 G204 144 G130 189 157.63 Gl
=6 54,05 145 651.28 100 155,64 .32
i) 56,05 146 61.26 141 15965 | G0, ?'l
o) a=.06 147 61.24 142 160,67
L ] G, 145 51.22 103 161.68 nn_'la
T G206 140 G1.20 194 16260 | 6022
o G4.07 150 GlL.18 1495 Gl 240
0 fif, 07 ; 161 .16 1946 G617
1081 63,08 | 6202 162 G114 197 15
102 YO8 | G200 153 i1.12 168 112
1044 7200 | 61.97 154 G1. 10 140 G110
1045 Td,10 G1.45 155 iil.08 ) 6007
1085 76,10 | 61.92 166 G100 201 105
110 78,11 G150 167 il 2 6l (k2
112 2 AL 16% 1il.02 203 (IR
114 165 Gl M
115 16 AN AR 205
116 1161 129, :Lw HEREH 23
117 162 1030 fih. 64 M7
118 164 151,40 fih. 2 M5
115 164 132.41 r.u 1;|r 200
120 165 133.41 . 210
121 166G 13442 | 211 Bl
122 167 135.43 212 LRI

an
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HENRY R, WORTHINGTON

Showing U. S. Gallons in Given Number
of Cubic Feet

Cubie Feet Gallang Cubie Pl Ciallins Cubie Feet Ginllons

1 .75 Stk 0,000k

0.2 1500 ik L] 3

0.3 2.4 Tl AR 14406104
0. .41 S0 AR 224 41546
0.5 374 ] Hb MY 200 2.7
h b.Au (114] Atk 3740250
0.7 a.24 21Kl Gk HE5 8311
1= S48 A TULDMHD H23.030.3
1.5 1131 SO0 AL
1 atl kKD B3, 240.7
2 Ok JRLERAIT]
3 Tk UKD
4 = BT
4 (1] AW A0
i 1.0 R0
T 200k Gl A
bl A0 TUM0
9 (RN SR

1 a0 LML A

20 [FILA R T AR0 510D

an T

400 BT

From the above any cubic feet reading may readily be o myerted into U, 5,
gallonsg as follows:

How many gallons are represented by 53,928 cubic feet,
50,000 cubic feet =374025.0 gallons,

3,006 = 124415
Qi) S = F,7324 '-
N X = 146 "

=5 & = SR

53,928 cubic feet = 4065,400.2 gallons.
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HENEY E. WORTHINGTON

Loss by Friction of Water 1n Pipes

This table shows the loss in pounds pressure per square inch for
each 100 feet in length due to friction when discharging the given
quantities of water per minute. .

SIZES OF PIPES—INSIDE DIAMETER

Cinle
per

Min ' S TG S O OO0~ O 0 I T 1
inch ineh inch  inch dweh  inch dech nch inch ioch inch inch inch | inch inch

3.4 054 0231 012
E .Ili| 1.05 047 (.12

o8| 288 097
Lo 166 0.4 :
[ 620 2n2 0,21] 0,108
915 53.75 0.1 [
12,4 | 5.06 [
16,1 | .52 1.60
45 M2 | 8,15 |
il 240 10,0 2.44) 0,81 0.85:0.048
ih 56,1 224 ) 5353 180 074
100 G000 D46 340 1.310.830.05
125 1449 | 4.8% 1.499
150 21,2 | 7.0 2850.6801.10
25,1 | 946 3.85
20K 97 5 [12.47 5.
250 10,66 7,
i1l

02122017
TH{L S0 26 00T 0003 .00
2 RBEDLET 0D 004
5.2 B.650.5000 120005 002
4000 19,5 4.73 065 00160006
440 250 B.010081 0G200.07 L0
SO0 0.8 7430006025 0000 004 0,00 T 0,008 1,005
a0 2.210.550.15 .08
L0 SRS 0LE2 0015 0002 0,086 0,020
1250 AR 120
Latu 2000, 70020 0,135 0,071 0,040
1750 0,95 (1,35
200 123 0,400,234 0.1230.07 1
2250 0,653
2E01 077 (L3620, 1850, 107
S0 1.11 (L5150.267 0,150
A500 LT AL 36510, 204
ETI LRI 4720, 263
4501 0.59310,333
SO 1173000, 4015




HENRY BR. WORTHINGTON

Showing How City Water May Be Wasted

Gallons Discharged per Minute Through Various Sized
Orifices Under Stated Pressure

Hemd DIAMETERS IN INCHER
Lbe,  Feet Ty 4 ] i ; 1 1 1 13 -
1h 35,0k 3.0 g, | 4.4 | 148|212 280
15 4725 25,71 651 | 116 151 | 260 S04
m G4 56 334 758|154 Ak | S Uk
25 HRREL 372 R41 149 457
i} (i, 52 4000 022 164 | 256G 365 | B
35| 809 7216 4.2 M6 177 276 541 Tuy
40| 924 Tr.14 47.2 106G 1=4 205 A7 765
45 1.0 K183 502113 (200 |33 fild | =01
A0 | 1155 SG.26 828 1149 211 Al 1i4y 45
55 [ 127.1 A hA.4 125 | 221 ddh i | 675 | BEG

6 | 1586 04,49 14, 57.8 130 | 231 05 | 625
G5 | 160.2 0=, 55 X T 15 A2 156 241 737 | 4953
T 1617 | 1020 AT 301156 | 625 141 250 TGS 51 ]
7511723 | 10665 | 101 4.04) 16.2 | 64.6 146 Lt} 792 | 1034
B0 184.5 1.04) 415 16,7 | GB.G 150 267 A18 | 1068
b BE.8 155 2Th =45 0 1101
4l 0.5 160 283 U T B ]
05 725 164 251 201 | 11684
1400k 4.8 1658 20 14 | 1194
1015 T6.6172 a6 937 | 1234
110 8.3 177 13 i o548 | 1263
115 0.1 151 32 f80 | 12851
120 g &L.B 184 (327 | 512 10l | 1305
126 | 258.8 23.5] 188 334 522 1022 | 1335
130 | 300.4 | R25.1] 192 41 RE2 | Toh | 1042 | 1362

All pressure is taken at the onfice, no allowance being made for
friction in the pipe. In practical caleulations the head consumed
by the friction of the water flowing from the source to the orifice must
be considered.  If the water is flowing through a nozzle, about G4 per
cent. of the above capacities may be considered as the actual discharge
for a ring nozele and about 82 per cent. for a good form of tapering
smooth nozzle.

Under 100 pounds pressure a leak the size of the lead in a pencil
would pass 1,500 gallons of water per day. This quantity would supply
three families, and represents a loss to the water works, at the average
charge for water, of over one hundred dollars per year. No water
department can afford to leave a single tap unmetered.
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HENEY R. WORTHINGTON

Showing Cost of Water at Stated Rates per
1,000 Gallons

Coat per 1,000 Gallons
Numher

off
Cuhie Feet s g
5 Cepts | 6 Cents | 8 Cents | 10 Cents | 15 Cepta | 20 Cents | 25 Centa | 0 Cents

2y RLOT | SO008 | 20,012 0015 30021 SROGH | S0037 | $0.045
] La | 0018 0 0024 | (U030 (L0445 L N N (000
il 0022 | 0027 0 0086 | 00ds (LIG0G 0.0 | 0112 | 1ES
bl 030 005G 0045 V0GR {1 (M} 012 | 0130 (L1500
1001 0037 | 0049 D060 BOFS 111 0.150 | 0187 0,224
Hi} 0075 o0on 0120 0150 0200 | 0874 01,440
00 0112 | 0135 0130 0234 0440 | 0461 0,673
BT 0150 L1580 0,230 b2k 0595 0745 1,558
S0 L1385 | 0D.224 i 374 0.745 0055 1.1
G 01,224 | 260 {1444 {1.674 0848 | 1122 1.546

Sk 0262 314 0,419 k524 {.78A L.047 1.0 1.671

=l 0299 | 03500 0479 0598 1.597 1197 | 1406 1.795
eIl 404 | 0.530 0 LET3 1011 1346 | 14553 2030
1,000k 04 0685 | (L7488 1.122 1.45H3 1.870 2244
> O 005 | L1970 1405 2,244 2002 | 3,740 4455
3,000 1.346 3366 445858 | BGI0 f.732
4,000 1.7495 4. 455 TR0 =70
35,0010 3,244 .61 b 9,350 1122}
00 R ] 732 5076 | 11220 | 13464
7 3.141 7.854 10472 | 13.0940 [ 15508
=, 5976 11965 14.561 17.953
O 1UREMS 13464 | 16.831 | 20.197
AT 11:122 14861 | 18.7001 | 22441
BRI i] OGS | 141 22445 0002 | 37402 | 44580
AR 17.%5 | 22.44 A 4488 | ki 10 67 .42
BTN 2304 | 20,02 T4.E0 HOTT
SU OO0 20892 | 3740 | 835l 11220
G 35540 | 44.8% 207G | 11220 | 13464
TR 41,80 | 52.36 3 1472 1300 | 15708
S 47.87 | BU.R4 B0.76G | 119.68 145,61 1749.53

U | 3566 | 40039 | GaR5 | 6732 100986 | 134, 1|I. 16%,31 200.07
0000 | 37.40 | 4488 | 0S4 | T4E0 | 11122 8700 | 22441
00,000 | 7481 | 89.76 (11965 (14961 | 22443 374,02 | 44582
J00,0000 (11220 (13464 (17955 224,41 bt Ah1.A0E G74.24
400,000 | 145,61 (17953 (23047 |2uD22 448,85 T804 ROT.04

A00LO00 1RT.01 2y, 23 .5.4 1| 2 a1 TAR.05 035406 112207
GO0 224,41 1 B7E.23 | SO7.66 (112207 (134640
FOO000 261,51 TRG 43 LMT.2T (150008 | 15T0.RS
ROCLO00 208,22 SOT.HG T1EMGES (146,10 1795.32
OQO0,000  33h62 i 100856 (134649 | 1655.11 18
10000000 37402 44855 |50 44 a-}h t:l 1 112206 1498.10 |1thIl.13 244,15
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Contents in Cubic Feet and U. S. Gallons

{From Trautwein|

Of 231 cubic inches (or 74505 wallonz to a cubic foot): and for

ome foot of length of the cvimder.

For the contents for a greater

diameter than any in the table take the guantily opposite one-half

said diameter and multiply it by 4.

Thus, the number of calne feet

in one foot length of a pipe 30 inches in diameter 12 equal to 8728 < 4=

34 912 cubic feet

1
!
i
&
T-Li
I.
=16
:
11-16
1
2
131
y
16-16
1.
1
a
i
i
]
1
1
i
.
!
1
H
i
i
1
i
1
3
_ L
5.
1
i
i
3
i
i
1
1

0

THam. 1

1200
200
AE1E
JIEGS
AT
IR
0521
A5T3
A5
AGTT
A2
ATs1
JES
042

1250
145%
1667

AETS
LI

S0 alzo with gallons and areas,

Far 1 Foot
Length

RAIIEE
RN
MM
LR
LI
RIETN
RILEY
RIEEE
el
LGk
HEER
T
M55
W8S
0124
1] LS
21=
[LERL
RIEEY
L1
]
576
LMt
NTHRT
NI LR
L0EG
IS
1231
L3t
S0
165
LLR0G
LLoad
L2130

26
RUAETH
AWLT
R

(N2
01249

01559
REI R
280
270
1512
50
IR
IS
RILRE]
125
632

2305 1,724

bt s i

e

AR

2 )

H2A0

0
[EELE]
7213
o
TR

AL

A=

RUEETN

100G

1.147
1227
LAl
1)
1455
1.576
16710
1.767
1.+67

LT,
0. 1=
)
144
11.11

For 1 Foot in
Lenzth

RIE I N
G.ans 4117
G651 4L
7.3

I{IRYE
Lk 5L
11044
11.540
12045
12,500



HENRY R. WORTHINGTON

Pressure uf Water

in height to 300 feet; and then by intervals to 1,000 feet head. By
this talle, from the pounds pressure per square inch, the feet head
15 readily obtained; and vice versa.

The pressure of water in pounds per square inch for every foot ‘

Feet Pressare Feet Pressure i Feot Pressure Feet Pressure
e . B, B e Y L 4B ok -
Head PIoa | Head | Yina® | Heod | P5E5% | Hend | "5rep" | Heod | inep!

1 0.4 14.2% (i) 2815 a7 ]
2 .56 Ltk 2858 8 L]
3 1.80 [ 20k a5 Al
4 173 lis 2045 (KN} S
5 218 (k1] 88 1411 a3
il 2.69 70 M2 142 34
i 30K 71 1415 a5
8 J.40 i 14014 a6
L] 3.0 73 11015 v
10 4.33 74 140 38
11 476 ] 107 =11
12 G5.00 76 105 Wy G6Gd
13 s kv 100 41 107
14 .06 ] 110 142 il.5
15 .44 79 111 143
LG 0G93 =) 112 144
17 7.36 &1 113 145
18 7.79 32 114 145
19 322 23 115 147
20 B 2 116 145
a1 9.00 25 i 144
22 9.53 o] 118 150
23 9.495G &7 114 141
24 10.39 25 120 52
25 10.52 =0 121 R
26 11.25 o) 122 54
ay 11.69 01 123 Gh
28 1212 L] 124 b BT.AT
20 12.55 Fh] 125 167 | 65.00
a0 12.99 G4 126 155  68.43
31 13.42 05 127 15 6BR.ET
42 14,56 ki 125 160 G831
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P ressure O{' W&t&f—(:mtinued

I

WOERETHINGTON

The pressure of water in pounds per square inch for every foot
in height to 300 feet; and then by intervals, to OO0 fect head.
table, from the pounds per square inch, the feel head s readily obtained;

and sice versa.

Feeg | Presure | o
Hearl [ F hu:!nl Head
161 69.24 193
162 T17 104
153 Fi.61 105
164 | L6
165 197
166 10
167 15
16H L]
162 201
170 02
171 203
172 2004
173 205
174 2065
175 M7
176 | b 1121
177 D
175 210
174 211
154 | 212
151 | 213
152 214
183 215
1=4 [ 216
185 217
126 218
157 | [ 214
155 22

150 | 221
1940 202
191 203
192 324

Pressure

per B
Treh

=364
=405
5447

D053
RILREH]
01.39
01.583
42,26
1269
03,13
13,566
03.0%
.43
04 .86
05,30
05.73
Wi, 16
Uiy, Gk
U7

Feet
Head

225

Prezsure

per By

Irach

LU i
U7
05,53
0876
2
LN
100EM
1008449
ILITREE
101.36
101,79
102,23
1026
(RS
13,53
TR
10, 5%
I1H.53
105,26
TINS5
113
15, 563
FL R
107,43
107,86
105,24
108,73
10816
100,540
IRTERIE
11046
L1050

Fasnt
Hial
257
235
250
26}
26l
2652
263
2t
L]

By this

134.28
13862
142.95
147 .25
15161
155.94
160027
16461
11
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