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REPORT OF THE CITY ENGINEER ON TESTS
OF ENGINES.

Engineering Department, 50 City Hall.

Mr. Robert G. Fitch,

Chairman Board of Fire Commissioners

:

Dear Sir : In compliance with your request of Septem-
ber 21, 1893, a series of tests have been made of the differ-

ent types and sizes of the steam fire-engines in use in your

department, for the purpose of determining, as nearly as

practicable, their capacity and efficiency under the conditions

actually occurring at fires.

Incidentally, tests were made of the comparative efficiency

of 21-inch and 3-inch fire-hose, of the discharging capacity of

the fire-hydrants, and of the efficiency of the water-tower.

The tests were made under the immediate supervision of

Assist.-Eng. Dexter Brackett, and the method of conducting

the tests was as follows :

All of the tests were made at the Water Department yard

on Albany street. The engines tested were connected with

and drew their supply from a Post hydrant located in the

yard, and connected with the 12-inch main in Albany street

by an 8-inch main 240 feet in length.

The water-pressure at the hydrant was about 42 lbs. when
the engines were not drawing.

The hydrant has an inside diameter of 6| inches, with three

outlets for hose connection, two of 4|--inch diameter and one of

2^-inch diameter, each outlet having an independent valve.

"The steamers were connected with one of the 41-incb out-

lets by means of the ordinary 4-inch suction-hose, and with

one or two exceptions, of which special mention is made
hereafter, all valves on the supply-main and hydrant were

kept wide open during the trials.

Frequent pressures were taken by means of a gauge con-

nected with a piezometer which was coupled to the hydrant

nozzle and to which the suction-hose was connected.

All water used in the boilers was carefully weighed and

the quantity checked by meter measurement. All coal used

by each engine was weighed, but no attempt was made to

obtain the amount of ashes or unburnt coal. All gauges used

were carefully tested by means of a Crosby gauge tester and

the readings corrected when necessary. The hose used was

new Callahan jacket hose having nominal diameters of 21-

and 3 inches, but the actual inside diameters were 2.65 and

3.30 inches,
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The length of hose used during the tests was usually 500
feet for each line except when using the large Siamese nozzle,

in which case lines 200 feet in length were used. During
some of the first tests made the lengths of the lines were 400
feet.

At the Lincoln-street tire the average length of the 71
lines of hose used was 530 feet and at the Tremont Temple
fire it was 500 feet.

Standard smooth nozzles were used in all tests, with a

single exception, when a test was made to show the compara-
tive efficiency of smooth and ring1 nozzles. The quantity of
water discharged by the steamers was calculated from ob-
servations of the pressure, made by means of gauges at-

tached to piezometers at the base of the play pipes using the
well-established formula deduced from the experiments of
Mr. J. li. Freeman. The experiments of Mr. Freeman,
which were made with great care and covering a great variety

of patterns of nozzles as well as a large range of pressures,

proved that by carefully conducted observations the dis-

charge from any of the standard nozzles can be determined
within one-half of one per cent.

Careful measurements were made of the diameters of the

nozzles, and in nozzles of the same nominal diameter there
was found a variation of .014 of an inch.

The engine tests were conducted in the following manner :

Steam was first raised in the boiler to a pressure at which
the engine could do practical service ; the fire was then
drawn and a new fire started with weighed fuel. As soon as

the steam pressure began to rise the engine was started, and
run with, as nearly as possible, a uniform steam and water
pressure.

Changes in the conditions were made at periods of from
fifteen to thirty minutes, either by changing the sizes of the

nozzles, the steam pressure, or the length or size of the lines

of hose, the object of the tests being to ascertain the quantity
of water which each engine was capable of throwing upon a

fire in continuous service, and not the quantity which might
possibly be discharged through a short line of hose or an
open butt for one or two minutes.

Observations of the steam and water pressures at the en-

gine were made every minute, and of the water pressure at

the nozzles every thirty seconds. In the tables giving the

results of the trials averages of these observations are given.

All coal used under the boilers and all water fed to the

boilers were carefully weighed. Pressures were taken on the

supply-main at the base of the hydrant, on the 2^-inch out-

let of the hydrant and at a piezometer attached to the 4£-inch
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outlet with which the suction-pipe from the engine was con-

nected.

These pressures were taken to show the loss of pressure by
friction in the hydrant and the available pressure in the

steamer suction. In the tests of Engines Nos. 27, D, 36,

and 15 pressures were also taken at the suction chamber of

the engine.

Calorimetric measurements of the amount of moisture in

the steam furnished by the different types of boilers were
made on Engines No. 27, No. 15, and No. 23.

Indicator cards were taken from the steam cylinders of

Engine D and Engine No. 15.

The number of revolutions made by the engines were
electrically recorded by an instrument made by an employee
of the Fire Department.
Each revolution of the engine closed a circuit and was

recorded on a paper tape. By the use of a stop watch the

number of revolutions per minute was easily and accurately

determined.

In order to obtain information in regard to the effect of a

hydrant supply as compared with drafting, tests were made
of Engines No. 43 and No. 36 taking water from a large

box which was floated in the dock alongside of the Water
Department wharf. The box was supplied with fresh water

from a hydrant in the yard.

Tests have been made of Amoskeag engines of four sizes,

three sizes of Clapp and Jones engines, and two sizes of en-

gines of the Silsby pattern. These comprise the patterns

and sizes of engines which are now in general use by the

department.

Table No. 1 gives the general dimensions of these engines,

and the statements and tables appended to this report give

in detail the results of all the trials.
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Table No. 1.

1.
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the suction chamber of the engine was practically the same
as at the hydrant. A run of 8 minutes 20 seconds was then
made using 500 feet of 2|-inchhose with a ll-inch discharge

nozzle, followed by a run of 16 minutes using the same length

of 3-inch hose with a ll-inch nozzle.

During the first run with a water pressure of 244.5 lbs. at

the engine the average water pressure at the nozzle was
82.5 lbs., while during the second run the water pressure at

the engine was about 40 lbs. less, but 14 lbs. more at the

nozzle.

The engine was then stopped, the fire drawn, and the size

of the two exhaust pipes reduced from 11-inch to l|-inch

diameters by plugging with w7edges. The engine was again

started at 3.58 P.M., pumping through two lines 500 feet of

2^-inch hose connected by a Siamese coupling with a l|-inch

nozzle.

Under these conditions a water pressure of 147 lbs. at the

engine was maintained for 9 minutes 15 seconds discharging

564 gallons per minute. The 1^-inch nozzle was then re-

placed by two nozzles, 1^-inch and 1^-inch diameters, and
the engine run for 17 minutes 30 seconds with a water pres-

sure of 136.4 lbs. at the engine discharging 596 gallons per

minute.

On November 14th a second trial of this engine was made,
drafting the water, with a lift of from 10 to 12.5 feet instead

of taking the supplv from the hydrant under a pressure of

35 lbs.

For 62 minutes 20 seconds water was thrown from two 11-

inch nozzles through 500-foot lines of hose, with an average

steam pressure of 90 lbs., water pressure at the engine 111.4

lbs., at the nozzles 46.2 lbs., with a discharge of 512 gallons

per minute.

A 1^-inch nozzle was then substituted for one of the Vs-
inch nozzles and the engine run for 28 minutes, giving an
average steam pressure of 78.5 lbs., water pressure at the

engine 110.8 lbs., and at the nozzles 35 and 46 lbs., with a

discharge of 512 gallons per minute. With two lines

siamesed using a ll-inch nozzle a discharge of 575 gallons

per minute was maintained for 9 minutes with a nozzle

pressure of 65.7 lbs.

A comparison of the two tests of this engine seems to in-

dicate that with the same steam pressure the water pressure

at the engine will vary directly as the hydrant or supply

pressure is increased or diminished.

On the first trial the openings through the grate were so

large that a large quantity of coal was wasted and grates

with smaller spaces between the bars were substituted before

the second trial.
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Engine Relief D.

Calculated capacity at 300 revolutions per minute 562 gal-

lons. Tested November 6, 1893.

The engine was started at 1.23-40 P.M., and after running
4 minutes with one 500-foot line of 2^-inch hose with a

1^-inch nozzle a second 500-foot line with a l|-inch nozzle

was added, and with the exception of one minute when one
line was shut off to stop a leak at a coupling these conditions

were continued for 89 minutes 20 seconds with an average

steam pressure of 77.5 lbs., water pressure at engine 118.3

lbs., and water pressures at nozzles 39 and 51.2 lbs., with a

discharge of 561 gallons per minute.

Three-inch hose was then substituted for 2^- inch hose on
one of the lines and a run of 18^- minutes was made, using

a 1^-inch nozzle on the 3-inch line and a l|-inch nozzle on
the 2l-inch line.

The 3-inch hose with the larger size nozzle gave the larger

nozzle pressure and a discharge about 30 per cent greater

than the same length of 2^-inch hose. From 3.16 to 3.26

P.M. the nozzle on the 2|-inch hose gave the larger pressure,

probably caused by the partial closing of a valve on the dis-

charge of the 3-inch line. With a li-inch nozzle connected
with a single line of 3-inch hose 500 feet in length the dis-

charge was about 478 gallons, while the same nozzle siamesed
from two 500-foot lines of 2 J, -inch hose gave a discharge of

533 gallons per minute.
With two 200-foot lines siamesed into a l|-inch nozzle a

discharge of 674 gallons per minute, with a nozzle pressure

of 51.7 lbs., was maintained for 8 minutes 5 seconds.

Indicator cards showing the pressure in the steam cylin-

ders were taken at intervals of about 10 minutes, and from
these observations the followino; results have been deduced.

Time. Revs. Total Horse Per cent of
per indicated power, indicated

P.M. min. horse pump horse
power. measurement. power.

1.35 312 29.35 26.0 88.6
1.45 324 35.00 29.8 85.2
1.55 318 34.26 30.0 87.5
2.15 306 29.71 25.8 87.0
2.25 303 28.88 24.9 86.3
2.35 318 32.12 28.6 89.0
2.43 350 42.43 26.1 61.5
2.49 324 34.90 30.5 87.5
3.14 322 26.50 25.8 97.3
3.39 260 38.99 33.6 86.2
4.00 306 34.24 32.5 95.0
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Engine No. 14.

Calculated capacity at 300 revolutions per minute 594 gal-

lons. Tested October 25, 1893.

From 1.15 to 1.52-30 P.M., or for 37 minutes 10 seconds,

two lines of 2^-inch hose each 400 feet in length, with 11-

inch nozzles, were used, with an average steam pressure of

79.2 lbs., average water pressure at the engine 108.5 lbs.,

and at the nozzles 46.5 lbs., giving a discharge of 512 gallons

per minute. By closing a gate on the supply main the press-

ure at the hydrant was reduced from 38 to 18 lbs. for 12

minutes with a reduction of 5 lbs. in the boiler pressure, and

the water pressure at the engine was reduced 16 lbs.

A run of 52 minutes was then made using two 400-foot

lines of hose, with nozzles ]i- and 1| inches in diameter.

Under these conditions the average steam pressure was
78.3 lbs., water pressure at the engine 104.8 lbs., and the

discharge 528 gallons per minute. With a single line of

hose 600 feet in length, with a 11-inch nozzle, 325 gallons

per minute were discharged. Two 500-foot lines of 2^-inch

hose with Siamese coupling and a 1^-inch nozzle gave a

pressure of 45 to 49 lbs. at the nozzle and a discharge of

about 490 gallons per minute.

Using two 200-foot lines of 2|-inch hose with a lf-inch

nozzle, a discharge of between 575 and 600 gallons per min-

ute was maintained for a short time, but the steam pressure

could not be maintained while running at this speed.

Engine No. 27.

Calculated capacity at 300 revolutions per minute 619 gal-

lons. Tested October 24, 1893.

The test was commenced at 1.23-30 P.M., using 1\ and

1| inch nozzles with 500-foot lines of 2^-inch hose.

These conditions were maintained for 41^ minutes, the

average steam pressure during this time being 62.7 lbs.,

the water pressure at the engine 110.3 lbs., and at the nozzles

34 and 43.2 lbs., with a discharge of 520 gallons per minute.

A run of 37^ minutes was then made with the same lengths

of hose and two l|-inch nozzles. Trouble was experienced

in maintaining the steam pressure, and at 2.42-45 P.M. the

engine was stopped for 6| minutes for the purpose of clean-

ing; the fire.

The engine was then run for 55| minutes, pumping
through a single line of hose with a 1^-inch nozzle. Under
these conditions the average steam pressure was 79.8 lbs.,
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the water pressure at the engine 187.7 lbs., at the nozzle

57.7 lbs., with a discharge of 356 gallons per minute. Two
trials were then made using a If-inch nozzle siamesed from
two 200-foot lines of 2^-inch hose.

In both instances a discharge of 600 gallons per minute
was maintained for a few minutes, but the steam pressure

could not be maintained. As in the case of Engine No. 23,

tested October 30, an examination showed that there were
leaks around the tubes in the upper head of the boiler which
cut off the draft.

These were repaired and a second test was made on
November 3, 1893.

Second test of Engine 27.

The engine was started at 1 .06 P.M. After pumping for

19£ minutes through two 500-foot lines of 2^-inch hose with
1^-inch nozzles discharging during the last 16£ minutes 587
gallons per minute, a 1^-inch nozzle was substituted on one
of the lines, and these conditions were maintained for an
hour.

At 2.12 P.M. a change was made in the fireman, and in 12
minutes the pressure of steam dropped from 85 lbs. to 30
lbs., necessitating the shutting off of one of the lines for 4
minutes.

Fireman No. 1 took charge of the fire and ran until 2.41

P.M.
At 2.39-30 P.M. 1^-inch nozzles were placed on both

lines.

After 2.41 P.M., Fireman No. 2 being in charge of the

boiler, the steam pressure dropped from 80 to 20 lbs. in 9

minutes and the engine was shut down. A change was
again made in the fireman, and from 2.51-15 to 3.08-50 P.M.
the average steam pressure was 104.7 lbs., the water pres-

sure at the engine being 134 lbs., at the nozzles 40.7 lbs.,

with a discharge of 596 gallons per minute.

Three-inch hose was then substituted for 2^-inch in one
line, and a test was made which well illustrates the benefit

derived from the use of the larger-sized hose. With hose of
the same length and nozzles of the same diameter the pres-

sure at the nozzle of the 3-inch hose was 15.7 lbs. greater
than at the nozzle of the 2J-inch line, and the discharge was
about 20 per cent, greater.

This test was followed by a run of 161 minutes, using a 1£-

inch nozzle siamesed from two 500-foot lines of 2^-inch
hose.

During this time 566 gallons per minute were discharged,

and an average steam pressure of 75.5 lbs. was maintained.
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With a nozzle If inches in diameter connected with two
2<>0-foot lines of 2^-inch hose a discharge of 700 gallons per

minute was maintained for about 12 minutes, but the boiler

would not continue to supply steam in sufficient quantity to

maintain the speed required, which was from 340 to 360
revolutions per minute.

Calorimetric tests of the amount of moisture in the steam,

made during the first trial of this engine, gave an average of

1.63 per cent, moisture.

Engine No. 43.

Calculated capacity at 300 revolutions per minute 525
gallons. Tested October 20, 1893.

The engine was started at 12.54 P.M., using two 400-foot

lines of 2^-inch hose with 11-inch nozzles. At 1 P.M. a

piezometer coupling attached to the discharge outlet on the

steamer blew off and 4 minutes were lost in reconnecting

hose.

The engine was then run for 48 minutes with a steam pres-

sure of 73.2 lbs., with water pressure at the engine of 115.7

lbs., and at the nozzles 54.7 lbs. With the same lengths of

hose and 11-inch and l^-inch nozzles a run of about an hour

was then made.
The lengths of the lines of hose was then increased from

400 to 500 feet and two li-inch nozzles used for 26 minutes

50 seconds, giving an average steam pressure of 75.2 lbs.,

w7ater pressure at the engine 122.5 lbs., and at the nozzles

50.7 lbs., equal to a discharge of 536 gallons per minute.

The test was finished with a run of 24 minutes using a 1^-

inch ring nozzle on one line and a ll-inch smooth nozzle on

the other. In this case the smaller nozzle discharged the

greater quantity of water, although the nozzle pressure was
greater at the ring than at the smooth nozzle.

On November 16th a test was made to determine the

capacity of this engine when drafting from a tank. The
water was raised from 12.5 to 13.5 feet and delivered through

500-foot lines of hose. Nozzles \\ inches in diameter were

used during the run of 26 minutes 10 seconds, interrupted

for 2 minutes 10 seconds by the breaking of an oil-cup con-

nection on the steam-pipe.

During the first half of the run the steam pressure was
98.2 lbs., the water pressure at the engine 93.1 lbs., and at

the nozzles 38.5 lbs., while during the latter portion of the

run the steam pressure was 87.5 lbs., the water pressure at

the engine 87.1 lbs., and at the nozzles 33.5 lbs.

During the above tests the engine did not work smoothly
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nor efficiently, and it was discovered that air was leak-

ing into the suction through the relief valve. After

this had been stopped a 16-minute test was made with

the same nozzles and lengths of hose, and with a steam pres-

sure of 109.3 lbs., the water pressure at the engine was 116.5

lbs., and at the nozzles 47.2 lbs., discharging 517 gallons

per minute. With nozzles 1^ inch and 1| inch in diameter

the results were as follows : average steam pressure 105.9

lbs., water pressure at the engine 112.4 lbs., at the nozzles

37.5 and 48.2 lbs., discharging 547 gallons per minute.

With 1,000 feet of 21- inch hose and a ll-inch nozzle 60.2

lbs. nozzle pressure was given, with a water pressure of 215.7

lbs. at the engine. With the same length of hose and a 1^-

inch nozzle, the nozzle pressure was 43 lbs. and the discharge

308 gallons per minute.

Engine No. 21

.

Calculated capacity at 300 revolutions per minute 524 gal-

lons. Tested JVovember 9, 1893.

This engine is a duplicate of Engine No. 43. The first

test was made with two lines of 2^-ineh hose each 500 feet

in length, with nozzles 1^ and 1\ inches in diameter. For a

few minutes a steam pressure of 100 lbs. was maintained, but

it fell rapidly, and after a run of 14^ minutes one line was
shut off for 3 minutes in order to raise the steam pressure.

The second line was again let on and for 48 minutes 35
seconds the average steam pressure was 89.4 lbs., the water
pressure at the engine 124.7 lbs., with a discharge of 575 gal-

lons per minute. Two 1| inch nozzles were then used for

41 minutes, the average steam pressure being 90.7 lbs., the

water pressure at the'engine 140.2 lbs., at the nozzles 60 lbs.,

with a discharge of 582 gallons per minute. A second trial

of 24 minutes 10 seconds, using l±-inch and l|-inch nozzles,

was then made, during which a very uniform steam pressure

of 112 lbs. was maintained, giving a water pressure at the

engine of 138 lbs. and a discharge of 607 gallons per minute.

Three short runs were made using a 1^-inch nozzle ; in the

first case 21-inch hose was used, in the second trial 3-inch

hose fitted with a bushing of the size of 2|-inch couplings,

in the third test 3-inch hose with 3-inch couplings.

The tests resulted as follows :
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With two 500-foot lines of 21-inch hose siamesed into a

l^-inch nozzle the average steam pressure during a run of 11

minutes 25 seconds was 102.3 lbs., the water pressure at the

engine being 152.8 lbs., and at the nozzle 68 lbs , with a dis-

charge of 576 gallons per minute.

Engine No. 7.

Calculated capacity at 300 revolutions per minute 691 gal-

lons. Tested October 19, 1893.

The engine was started at 1.26-20 P.M. and run until

2 P.M. with a steam pressure of 51 lbs., water pressure at

the engine 98.4 lbs., using two 400-foot lines of hose with

l|-inch nozzles.

The steam pressure was then raised to 70 lbs., and with

the same conditions of hose and nozzles for 19 minutes the

water pressure at the engine was 124.2 lbs., and at the

nozzles 57 lbs.

A 1^-inch nozzle was substituted on one line, and during

a period of 24 minutes, with steam at 65.2 lbs., the water

pressure was 119.6 lbs. at the engine and the discharge was
581 gallons per minute.

The steam pressure was then raised to 85 lbs., and for 45

minutes an average water pressure of 147 lbs. was main-

tained at the engine, giving a discharge of 640 gallons per

minute.

With a lf-inch nozzle, using two 200-foot lines of 2^-inch

hose, a discharge of 725 gallons per minute was maintained

for 9 minutes, and with a 2-inch nozzle the discharge for

12 minutes was at the rate of 697 gallons per minute.

Engine No. 15.

Calculated capacity at 300 revolutions per minute 957 gal-

lons. Tested November 13, 1893.

This engine is a type of the largest capacity engines in

use in the city. During the first test of 64 minutes 10

seconds' duration three 500-foot lines of hose were used, two
of them 2\ inches in diameter with l|-inch nozzles, and one

3 inches in diameter with 1^-inch nozzle.

With a steam pressure of 107.4 lbs., pressures of 53.5 lbs.

were obtained at the 11-inch nozzles and 55.7 lbs. at the

11-inch nozzle, giving a total discharge of 900 gallons per

minute.

The engine was shut down for 26 minutes to repair a

broken boiler feed-pipe. Four lines were then attached, and

with three 11-inch nozzles and one 1^-ineh nozzle the dis-
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charge was 978 gallons per minute. With three 200-foot

lines of 2\ hose siamesed into a l|-inch nozzle, and a 500-foot

line of 3-inch hose supplying a 1^-ineh nozzle, the average

steam pressure for 11 minutes 50 seconds was 98.2 lbs., with

the water pressure at the engine 96.6 lbs., giving a dis-

charge of 1,022 gallons per minute.

Three 200-foot lines of 2|-inch hose and one 450-foot

line of 3-inch hose siamesed into a 2-inch nozzle gave for 12\
minutes, with a steam pressure of 95.3 lbs., a discharge of

989 gallons per minute. Indicator cards showing the pres-

sure in the steam cylinders were taken at frequent intervals,

from which the horse power developed has been calculated.

Mme. P.M.
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86.4 lbs., at the nozzle the pressure was 71 lbs., and the dis-

charge 31)5 gallons per minute. With l|-inch nozzles, the

same sizes used during the first test, but with one 3-inch and
one 2^-inch line of hose, the lines being 100 feet longer than
before, a 12-minute run gave an average steam pressure of
71.2 lbs., water pressure at engine 96.8 lbs., and a discharge

of 502 gallons per minute.

Using a 1^-inch nozzle with 500 feet of 3-inch hose 441
gallons per minute were discharged with a nozzle pressure

of 40 lbs.

With 500 feet of 2|--inch hose and a l|-inch nozzle the

pressure at the nozzle was 48.5 lbs., giving a discharge of 327
gallons per minute for 10 minutes. With the same length

of 3-inch hose with same pressure at the engine the discharge

was about 30 per cent, greater and the nozzle pressure 20
lbs. more.
The test concluded with a run of 11 minutes, using one 500-

foot line of 2^-inch hose with a l^-inch nozzle, and one 500-

foot line of 3-inch hose with a 1^-inch nozzle, and in this

case the pressure at the l|-inch nozzle was 4 5 lbs. larger

and the discharge 30 per cent, more than from the 2|-inch

hose.

Engine No. 23.

Tested October 30, 1893.

The first run was made using 500-foot lines of hose and
11-inch nozzles. For 27^ minutes the average steam pressure

was 72.8 lbs., water pressure at the engine 104.0 lbs., and at

the nozzles 41.5 lbs., with a discharge of 484 gallons per

minute.

Run No. 2 with the same lines of hose, but with l|-inch

and 1^-inch nozzles, gave for 37 minutes an average steam
pressure of 55.2 lbs., water pressure at engine 86.4 lbs.,

nozzle pressures of 27.5 and 32.75 lbs., and a discharge of

460 gallons per minute.

During this run difficulty was experienced in maintaining

the steam pressure, and at 2.26 P.M. one line of hose was
shut off and for about 30 minutes one 500-foot line of 2A~

inch hose was used with 1^-inch nozzle. For 14£ minutes

of this time the average steam pressure was 53.0 lbs. , water

pressure at the engine 124.1 lbs., water pressure at the noz-

zle39.75 lbs., and for the last 12^ minutes the average steam

pressure was 65.4 lbs., water pressure at the engine 157.4

lbs., and at the nozzle 51.25 lbs.

Another attempt was made to use two lines with 1^ and

1^ inch nozzles, but in 10 minutes the steam pressure

dropped from 70 to 35 lbs., and the engine was shut down
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and the fire drawn from under the boiler. After washing
out the tubes a new fire was built and another attempt made
to run the engine under the same conditions, but the steam
pressure could not be maintained above 60 lbs., and after

running for 40 minutes the trial was ended.

An examination and water-pressure test of the boiler made
after the trial showed that there were leaks around the tubes

in the upper head of the boiler. These leaks cut off the

draft so that steam could not be made in sufficient quantity.

These leaks were repaired and a second trial was made on
November 1.

2d Test of Engine 23.

Two 500-foot lines of 2|-inch hose with nozzles 1| inch

and 1^ inch in diameter were used. The engine ran for 49
minutes, when it was disabled by the breaking of a small

tooth in one of the rotary cams in the steam cylinder.

During a period of 43J minutes the average steam pressure

was 91.4 lbs., water pressure at the engine 136.6 lbs., and
the discharge 590 gallons per minute. With the same con-

ditions of hose and nozzles the steam pressure was from 35
to 40 lbs. more than could be obtained at the previous trial.

Tested October 3J, 1893.

This engine was a duplicate of Engine No. 23. For 4

minutes 40 seconds two 500-foot lines of 2^-inch hose with

l-|-inch nozzles were used. The average steam pressure be-

ing 88.4 lbs., water pressure at engine 139.69 lbs., and at

the nozzles 60 lbs., discharging 582 gallons per minute. A
1^-inch nozzle was then substituted on one line and for 21

minutes, with the average steam pressure at 79.7 lbs., the

water pressure at the engine was 141.1 lbs. and the dis-

charge 612 gallons per minute.

With 500-foot lines of hose and two 1^-inch nozzles an

average steam pressure of 70.7 lbs. was kept up for 41^
minutes, divine- a water pressure of 127.6 lbs. at the engine

and 42.5 lbs, at the nozzles, with a discharge of 611 gallons
7 O O

per minute. At 2.27-30 P.M. a coupling on the pump re-

lief pipe broke and the test vvas interrupted for 17^ minutes

while temporary repairs were being made. A run of 17

minutes 20 seconds was then made with hose and nozzles the

same as before the accident, the average steam pressure being

78.9 lbs., water pressure at the engine 120.2 lbs., at the

nozzles 40.2 lbs., with a discharge of 594 gallons per minute.

Three-inch hose was then substituted for 2|-inch on one line
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and for 19^ minutes the average steam pressure was 82.

G

lbs., the water pressure at the engine 124.5 lbs. Although
the nozzles were of the same size the gauge upon one showed
a pressure 14.5 lbs. larger than the other and a discharge of

14 per cent, greater in favor of the 3-inch hose.

At 3.27-30 P.M. the engine suddenly stopped while run-

ning at the rate of about 800 revolutions per minute, and
on examination two of the teeth of the rotary steam-cam were
found to be broken in a similar manner to those of Engine
No. 23.

Test of the Water-Tower.

A test of the Hale Water-Tower was made on November
17, water being supplied to the tower by Engines 15, 43,

and Relief D.
Water pressures were taken at the steamers, at piezom-

eters attached to the hose connections on the tower, at a

gauge connected with the supply-pipe at the base of the

tower and at the nozzle.

[n order to make the nozzle gauge accessible for taking

the pressures, the tower was not raised, and in actual service

the pressures at the base of the tower and at the steamers

would be about 25 lbs. more than the figures given in the

tables in order to obtain the same effective pressures at the

nozzle.

The trial developed the fact that there was a great loss of

pressure due to the friction through the 3|-inch hose between
the base of the tower and the nozzle. With a 2-inch nozzle

discharging 1,000 gallons per minute with a pressure of 57

lbs. at the nozzle a pressure of 107 lbs. was required at the

base of the tower, and in some instances there was a friction

loss of 80 lbs. between the base of the tower and the nozzle.

Under these conditions an excessive pressure was required

at the engines to give effective pressures at the tower

nozzle.

If we assume two engines each connected to the tower by

two 300-foot lines of 2i-inch hose, a water pressure of 100

lbs. at the engines would give a pressure of but 30 lbs. on the

2-inch nozzle with the tower raised, and a discharge of 725

gallons per minute.

With a l|-inch nozzle the pressure would be about 40 lbs.,

with a discharge of 625 gallons per minute.

An experiment was made to show the effect of connecting

one line from a steamer to the tower with a second line

supplying a ll-inch nozzle. The small differences between

the pressures at the steamer and the piezometer connections
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at the tower show that the greater part of the amount
pumped by the steamer was discharged from the 1^-inch

nozzle.

Changes are now being made in the tower to increase its

efficiency, and it is proposed to make a second test alter the

improvements have been made.
The accompanying table gives the details of the test made

on November 17.

Capacity of Hydrants.

During all the tests, except when drafting, the engines

were attached to a Post hydrant which was located at the

end of an 8-inch pipe, 240 feet long, connected with a 12-inch

main in Albany street.

The hydrant, as before described, had an inside diameter

of 6§ inches, a 6-inch rubber valve, and three outlets for

hose connections, each controlled by an independent valve.

Two of these outlets were 4| inches, the other 2\- inches in

diameter.

Pressures were taken on the 8-inch pipe at the base of the

hydrant and on a piezometer attached to the steamer suction,

in order to determine the loss of pressure in passing through

the hydrant.

These experiments show that the friction loss in the hy-

drant was 4 lbs. for a discharge of 500 gallons per minute

and 16 lbs. for a discharge of 1,000 gallons, also that a large

proportion of the total loss is in the outlet valve.

During the trial of the water-tower, all three of the en-

gines used were for a portion of the time connected with this

Post hydrant, and the lowest pressure taken at the piezometer

coupling was 20 lbs., showing that hydrants of this pattern

will furnish an ample supply for three steamers. Owing to

the lateness of the season, the experiments on the capacity

of hydrants were not completed and no tests were made of

the friction loss in the 2^-inch reducers which are used on

the engine suctions.

Friction in Hose.

The experiments were not conducted with special reference

to obtaining information on this point, but in general they

confirm the more careful experiments made by Mr. John R.

Freeman and reported in a paper presented by him to the

American Society of Civil Engineers.

Experiments were, however, made to show the comparative

value of 2^-inch and 3-inch hose and the effect of using 21-

inch couplings on the 3-inch hose.
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Table showing the comparative efficiency of 21-inch and
3-inch hose. Lines in all cases 500 feet in length.

Number
of ex-
periment.
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The advantage of using 3-inch hose is illustrated by the

following example : with a steamer using a line of hose 600

feet in length, with a 1^-inch smooth nozzle discharging

300 gallons per minute, a quantity none too large for the

needs of the present fire-service, a water pressure of 150 lbs.

at the steamer would be required if 2J-inch hose were used,

while with 3-inch hose the same results would be attained

with a pressure of 105 lbs. at the steamer.

The advantage of the use of 2^-inch couplings would be

that no time would be lost in attaching reducing couplings

or in finding hose of the needed size, while the loss of pres-

sure due to the 2^-inch couplings would be insignificant in

ordinary use.

Without doubt the 3-inch hose is not so easily handled on

ladders or in buildings, but great benefit could be derived

by using from 300 to 500 feet of 3-inch hose from the

steamer, with one or two lengths of 2^-inch hose attached

for the hoseman's use.

General Results and Conclusions.

The following tables, condensed from the tables giving

the details of the tests, show, in a convenient form, the

results obtainable from the different steamers tested.

Table No. 2 gives the length of the trials, average steam

and water pressure at the engine, the quantities pumped,
coal used, water evaporated, etc.

Table No. 3 gives the results obtained by each engine

under different conditions of steam pressure, length of hose,

diameter of nozzles, etc., with the time during which the

engine was operated under those conditions.

It will be seen from an inspection of column 9 of Table

No. 2 and column 4 of Table No. 3, that engines Nos. 36, D,

21, 43, and 15 equalled or exceeded their calculated capac-

ity at 300 revolutions per minute for runs of from 35 to 89

minutes, and that the average amount pumped per minute

by Engines 21, 36, and 43, for the whole time while the

pumps were working, was in excess of their calculated

capacity.

The tests also show that the smallest-size engines in use

in the department are capable of delivering through 500-

foot lines of hose two good fire streams, and that the large-

size Clapp & Jones engines will deliver from 900 to 975

gallons per minute, equal to three good 1^-inch streams.

It must be remembered that in all cases the engines

tested drew their water-supply from a hydrant under a

pressure of from 30 to 40 lbs., and that the steamers of the
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same class would not be able to deliver as powerful streams

if obliged to draft their supply.

This statement is verified by the results of tests of En-
gines 36 and 43.

I wish to call your attention to the desirability of using

two lines of hose with Siamese connections in cases where

the steamers are so located that lines more than 500 feet in

length are required to reach a fire, or where very powerful

streams are needed.

Take the case of Engines 36 or 21, the smallest size in

use by the department, with a single line of 2|-inch hose

800 feet long, a water pressure of 150 lbs. at the engine

would give, with a ll-inch nozzle, a pressure of but 30 lbs.

at the nozzle, while the same engine pressure, using two

lines of the same length siamesed into a 50-foot line with a

lf-inch nozzle, a nozzle pressure of 55 lbs. would be ob-

tained. In the first case, the discharge would be about 250

o-allons per minute, and the stream would not be effective

above the third story, while in the latter case a stream dis-

charging 425 gallons per minute would be available 80 feet

above the ground.

The results given in regard to the coal burned and water

evaporated by the boilers confirms what was noticed during

the trials, viz., that steam was more easily made and main-

tained by the Clapp & Jones boilers than by those of the

Amoskeag engines.

The evaporation per pound of coal from and at 212 degrees

varied from 2.26 lbs. in the case of Engine No. 36 to 5.87

lbs. for Engine No. 43.

The slip, or loss through the valves and pistons of the

pumps, varied from 3 to 8 per cent, of the calculated dis-

placement of the pump plungers.

Engines Nos. 36 and 43 showed a loss of about 5 per cent,

when taking their supply from the hydrant, and 8 per cent,

when drafting.

The question is sometimes raised as to whether the supply

of water at the hydrants is sufficient for the supply of the

steamers.

It seems to me that the engineers would have more posi-

tive information on this point, if a combined pressure and

vacuum gauge were attached to the suction chamber of all

engines. This plan has been adopted in Detroit with good

results.

The statements, which have been made on a previous

page, in regard to the advantages of using 3-inch hose, are

applicable in the consideration of the desirability of placing

3 or 4 inch iron stand-pipes on the outside of all high build-

ings for the use of the Fire Department.
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A considerable number of these pipes have been placed

upon buildings by property owners, but they are not under
the control of the Fire Department, are sometimes not

furnished with proper hose connections, often are not put

up in connection with fire-escapes, and are not as efficient

an aid to the department as they should be.

These stand-pipes should be erected under the supervision,

and be placed under the inspection and control, of the Fire

Department.
The appended tables give full details of the experiments,

and, as much care was taken to avoid errors in the obser-

vations, it is thought that they will have much value for the

purpose of comparison with future records of a similar

character.

I desire to extend my thanks to the members of the Fire

Department, who have given me many valuable suggestions

and great assistance during the progress of the trials.

Yours respectfully,

William Jackson,

City Engineer.
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HALE WATEK TOW UK, NO. TESTED NOVEMBER 17, 1S03.— Continued.

H. Mill. Sec. Miu.
r

Sec.: Lhs. I.i.j.

32.1 34.0

30.1 31.3

20.1 24.ii

26.1 28

42.5

34.2

2!' 7

23.1

24.1

34.1

33.0

35.0

35.0

35 1 :

36.1 30.0

34.2

34.2

200 113.2

20" 109.1

128.2

144.0

107.4

109.0

L09.7

110.1

123.3

123.9

05.2

82.5

82.0

90.0

...

212.0

122 :.

113.0

148.6

147.2

142.1;

140 4

140 2

183 5

174 II

177. II

IJi.

117.0

114.0

113.9

127.4

102.2

52.11

(8 -'

11" ii

ISO.'.!

109.0

I 18.5

850





HALE WATER TOWEK, NO. 2. TESTED NOVEMBER 17, 1 893. -Concluded.

Km. ink No. Jr.. Cl.ut S: Jone-

H. Miu. > '- Mm >< I.1-.

LINE No. 1. Line No. 2. Line No. 3. Line No. 4.

Feet. Lbs. Feel. Lb

3
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TABLE No. 3.

1.
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Table No. 3. — Continued.

89

1.
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Table No. 3.— Continued.

1.



Fire Department. 91

Table No. 3. — Continued.

1.
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Table No. 3. — Concluded.

23

33

33

33

33

33

33

1.
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