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PRACTICAL ICE MAKING

AND

REFRIGERATING.

INTRODUCTORY.
TWENTY YEARS OF REFRIGERATION.

WENTY yearsago this November (1896)

a bearded, pleasant faced man with a

huge roll of drawings under his arm entered
the offices of Crane Bros. Manufacturing Co.
(now Crane Co.), of Chicago, and in a quiet,
gentlemanly manner asked a boy at the first
desk ‘‘if ice machines could be manufactured
in that shop.” 'The boy clutched the desk to
prevent falling off his high stool, and after
taking a long look at the stranger to assure
himself that the man was mentally sound, and
that it was safe to venture outside the railing,
took the stranger to the superintendent of the
machinery department and witnessed another
shock when the question was repeated to the
superintendent. The stranger was the late
David Boyle. ‘““The Boy” will endeavor to in-
terest the reader with a partial review of the
intervening twenty years, the greater portion

of which time he has devoted to ice making
)]
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and refrigerating; and as an honest confession
is said to be good for the soul, the writer will
frankly confess at the start that he has lots to
learn yet in the fields in which he is tres-
passing.

Of the late David Boyle it may be truth-
fully said that he was the father of successful
artificial refrigeration and ice making; for
although many had spent years of toiland vast
sums of money in experiments in the art be-
fore he entered the field, yet to David Boyle is
due the honor of having accomplished more in
the advancement of the science than the com-
bined results of the efforts of all of his pre-
decessors.

To the skill and energy of many other “old
timers ”’ I'would offer deserved tribute,among
whom I would name Mr. Beeth, Thomas L.
Rankin, D. L. Holden, Mr. Kilgore, Mr. de
Coppet and Oscar Burnham, men who have
spent their time and their dollars in the cause
and withoutadequate returns from the public,
who have benefited by their brains and in-
genuity.

My own first knowledge of an ice machine
dates back to the winter of 1875-76, when
a little ‘“wheel-barrow” machine was con-
structed and erected in Crane’s shop. It was
a 2-ton plate plant, with horizontal, slide-valve
engine and vertical, single-acting pumps,
plate freezing tanks, submerged condenser—
as I now consider it, a pretty generally crude
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construction. The plant was provided with
an apparatus for distilling anhydrous ammo-
nia from the aqua (and a number of the first
machines built at Crane’s were so provided).
Two batches of ice were made with the ma-
chine before it was shipped, and I have never
seen better or clearer ice made since. In gen-
eral design that little plant did not differ
essentially, with the possible bare exception
of some slight modifications in adaptation of
the freezing plates, from plate plants of to-day;
and in principle, proportions of surfaces and
general design of parts, the little plant would
compare favorably with the average present
practice. In detail and construction present
practice would far outclass the crude little
plant.

For about two years D. Boyle & Co. built
ice machines only, plate plants like the ori-
ginal. In 1877 (I believe) their first refriger-
ating machine was constructed, under contract
with Mr. Harry Bemis, for the Bemis & Mec-
Avoy Brewing Co.,of Chicago. This was rated
as a 20-ton machine, and was used for cooling
wort on a Baudelot cooler. The plant con-
sisted of a pair of 10X18-inch vertical, single-
acting pumps, operated by a horizontal Brown
engine;asweet water tank about14X12X8 feet,
containing a double system of 1-inch coils, one
set above the other, with separate outside
manifolds. An agitator was placed in the
tank, with paddles between the coils to pre-
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vent the sweet water from freezing solid in
the tank. The sweet water was cooled and
pumped through the Baudelot and returned
to the tank. The condenser was submerged
in a tank ten feet square and six feet deep.
There were eighteen coils, twelve pipes high,
seven and a half feet long, one inch extra-
strong pipe. The connections were not such
as your critical engineer of to-day would ap-
prove, but they answered the purpose eigh-
teen years ago. The plant cooled beer in the
Bemis & McAvoy brewery for several years,
and after the purchase of a 50-ton Boyle ma-
chine for the brewery, was sold to N. K. Fair-
bank & Co.’s soap works in Chicago, where it
has done good service and stands to-day ready
to be used in case of emergency. Harry
Bemis took as much interest in this original
Boyle refrigerating machine as he has ever
done in enterprises taken up by him. He put
on overalls and worked with the gang and had
a table set in the brewery for all of the work-
men, and no guest at the Richelieu enjoyed
better fare than Boniface Bemis’ hospitality
served in the brewery in 1877—with frothy
beer on the side.

About one year later contracts were taken
for the complete refrigeration of Heim’s brew-
ery in East St. Louis, Ill., and Frank Fehr’s
brewery in Louisville, Ky., and the partial re-
frigeration of the Best (now Pabst) brewery
in Milwaukee, Wis. The Fehr and Best con-
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tracts were started earliest, and in both cases
25-ton machines were furnished, 14X30-inch
engines and 10X20-inch single-acting pumps,
all vertical; brine tanks 16X13X814 feet, with
thirty-eight coils, twelve pipes high and eleven
feet long; submerged condensers 10X10X6%,
with twenty-two coils, twelve pipes high and
seven and one-half feet long. Instead of piping
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the cellars for brine circulation with sufficient
pipe to provide the requisite cooling surfaces,
perforated pipes were run at intervals of about
three feet apart, and sheets of galvanized iron
were suspended below the pipes to catch the
cold brine from the perforations and spread it
over the surface of the plates and run it into
gutters at the opposite end of the plates, from
which gutters the brine was returned to the
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brine tank. Thissystem was later abandoned,
owing to the perforations in the feed pipes be-
coming clogged and preventing an even dis-
tribution of the cold brine over the plates;
and the cellars were piped with sufficient
piping to furnish the necessary cooling sur-
faces with confined brine circulation (about
one lineal foot of 1-inch pipe to ten cubic. feet
of space cooled). The Heim’s plant in East
St. Louis was not fitted up with the exposed
brine circulation, but was originally piped for
confined brine circulation, and remains as it
was originally designed. This exposed, or
plate, circulation was the origin of the open
gutter circulation used in some isolated plants
at present.

Benefiting by the experience gained at
Fehr’s and Best’s, the confined brine circu-
lating system was adopted and installed in
upwards of 200 breweries, packing and cold
storage houses in a period covered by ten
years’ time.

One of the novelties in the way of refrig-
eration in the early '80’s was a plant erected
for Henry Ames, St. Louis, Mo. Mr. Ames’
business was curing hams, and a small plant—
about ten tons refrigerating capacity—was
specially adapted to an original idea of his
own. Mr. Ames conceived the idea of pick-
ling hams by means of a continuous circula-
tion of cold pickle through the tiers of hams
in the pickle vats. The small machine was
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used to keep the pickle at a uniform tempera-
ture, and a small brine pump was used to keep
a continuous circulation of the pickle through
the vats. It is a matter of record that the
process was a complete success, Mr. Ames
having testified ‘“that he never had a spoiled
or sour ham while using this process.” The
writer regrets that he is unable to give the
recipe for the pickle, but the system can be
readily adapted to the pickle vats in any cur-
ing room; and it is patent that circulation will
facilitate the process of pickling meats. Mr.
Ames retired some years since, said to be
“well fixed ” financially.

Another peculiar and effective system of
refrigeration, applied years ago, was the in-
direct system adopted by N. K. Fairbank &
Co., of St. Louis, Mo. In this plant a regula-
tion brine system as regards machine, brine
tank and brine pump was used, but differing
from any other plant the writer knows of in
the following respects, viz.: A ‘“rain room”
was located at the highest point of the plant,
above the rooms to be cooled. Thisroom was
air-tight on all sides and above, and was pro-
vided with a water-tight floor. Air ducts led
from a little above the floor line down to the
rooms below, and warm air ducts from the
rooms below up to within a short space of the
ceiling of the “rain room.” The “rain room”
was piped with perforated pipes, from which
innumerable bunches of rope yarn were hung.
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The cold brine was pumped from the brine
tank to the perforated pipes in the * rain
room,’’ and the result was a continuous artifi-
cial cold rain storm, cooling the air in the
room, which in turn fell by reason of gravity

to the room below, forcing the warmer cur-
rent of air upward and causing a continuous
rapid circulation of air through the ducts, to
and from the rooms below. The “rain’’ was
caught by the water-tight floor and conveyed
through suitable pipes back to the brine tank.
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This system offers the inducement of a fresh
sea breeze at home, and to the thinking mind
affords a substitute for our wives’ favorite
summer resort. Its drawback in certain lines
of practical cold storage is the humidity nec-
essarily imparted to the air in circulation, and
that other objection, existing in all systems
of open brine circulation, ultimately stinking
brine from the noxious gases absorbed by
the brine from the air. It cools and purifies
the air so long as the brine remains reason-
ably sweet; but when the brine becomes sur-
charged with impurities from the air, it will
cease to be a desirable matter to bring the bad
smelling brine in contact with the purer air.



CHAPTER I
COOLING SURFACES AND CIRCULATION.

ANY articles have appeared in numer-

ous trade journals, from time to time,
treating upon the subject of practical refrig-
erating surfaces for various cold storage pur-
poses. The columns of /Jce and Refrigeration
teem with practical suggestions, comprehens
ive cuts and valuable hints for information of
the progressive engineer. That the inventor
has given his attention to the subject is evi-
denced by numerous files in the patent office
of the nation. A writer on this subject may,
therefore, expect to be accused of borrowing
the ideas of others, should he attempt to re-
view the progress made in this branch of the
artinthelight of personal observations. How-
ever much has been said on the subject, no
attempt has been made, in the knowledge of
the writer, to concentrate and review the
various systems which have been and are
now in vogue. It cannotbe expected thatany
one person can keep track of and be in a posi-
tion to fully cover the progress made in such
a vast field unless he devotes his entire time

to the research and invites unlimited corre-
(14)
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spondence on the subject. The writer will,
therefore, only touch upon such systems as
have come within his own observation and
with which he is familiar, at the same time
requesting the interested readers to fill inany
uncovered space in the record by sending
to the editor of Jce and Refrigeration the
record of any novel system which may have
come within the experience or observation of
themselves. Thus will we all be benefited by
a mutual interchange of experiences, through
the medium of the columns of a live and pro-
gressive journal, read all over the globe, and
capable of collecting invaluable information
for its readers.

Cooling surface systems may be divided
into two classes: The direct system, where
the surfaces are placed within the chambers
to be refrigerated; and the indirect system,
where the surfaces are located outside of the
chambers and the cold air conveyed into the
chambers by means of natural gravity or by
mechanical force (fans, blowers or air pumps).
The indirect system was the original system
of cold storage refrigeration in use in this
country, illustrated by the old and rapidly
disappearing system of placing natural ice
chambers above the cold storage chambers,
connecting the two chambers together with
cold and warm air ducts, and causing a cir-
culation of the air by means of a difference in
gravity. The writer is aware that in some
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isolated instances ice has been placed directly
in the cold storage chambers, but such prac-
tice is so primitive as to be unworthy of even
a passing consideration.

One of the first examples of indirect re-
frigeration, by mechanical force, was fully il-
lustrated in an early catalogue of the Sturte-
vant Blower Co. The apparatus consisted of
a Sturtevant blower, a tank or pan containing
a system of air pipes in flat coil form, and
branch pipes from the coils to the cooling
rooms or chambers. The coils in the pan
were surrounded with ice and salt, and the air
from the blower passed through the coils and
branch pipes to the cooling chambers, being
cooled by exposure to the chilled surfaces of
the coils. The system was an improvement
over the ice chamber system, in that it con-
densed the moisture from the air in the cool-
ing coils and delivered dry air to the cool-
ing chambers. These two systems may be
said to aptly illustrate the principles of the
gravity and mechanical-force indirect sys-
tems utilized in connection with mechanical
refrigeration at the present time, substituting
merely ammonia or brine for the ice element
of the systems. )

The first example of the direct system
known to the writer was the circulation of
brine from ice and salt through a system of
pipe coils near the ceiling of the cold storage
chambers. This system is still in general use
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in.many small plants throughout the country,
and it is doubtless vastly superior to the in-
direct ice system, as it does away with the
moisture and slop incident to the meltage of
ice above the chambers, and insures dry, pure
air, a factor of the utmost importance to the
successful preservation of exposed perishable
goods held in storage for any length of time.
The direct system may be considered under
several headings, depending upon the con-
struction and location of the surfaces in the
chambers; 7. e., whether exposed, or open cir-
culation, or confined circulation of the refrig-
erant, direct ammonia expansion or brine cir-
culation (including chloride of calcium) as the
agents; but as the confined circulation will
cover both the direct and the brine systems,
and as the preference is given—justly, in the
writer’s opinion—to the confined systems, I
will, for the time, drop the exposed system
and treat only the confined system, as applied
to both the direct and the indirect systems of
refrigeration.

My observations of the adopted systems of
confined circulation have deduced the follow-
ing conclusions as to the relative amounts of
surfaces required for successful refrigeration
of well insulated cold storage chambers. For
brine circulation: From one lineal foot of
1-inch pipe to each ten cubic feet of space to
be cooled to a temperature of 32° to 34° F., to
one lineal foot of 1-inch pipe to each five cubic
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feet of space to be cooled to a temperature of
0° to 5° F., for sharp freezers. For direct
ammonia expansion: From one lineal foot of
2-inch pipe to each forty cubic feet of space to
be cooled to a temperature of 32° to 34° F,, to
one lineal foot of 2-inch pipe to twenty cubic
feet of space to be cooled to a temperature of
0° to 5° F. for sharp freezers.

On the face of theabove statement there is
an apparent discrepancy, when the relative
surfaces of the two sizes of pipe are taken into
consideration, and also when the differing
temperatures of brine and ammonia are con-
sidered (refer to table of pipe surfaces, page
130, ““Compend of Mechanical Refrigeration”);
yet the figures given will closely approach
the actual practice. I shall later comment on
the subject of pipe surfaces in connection
with another branch of refrigerating appara-
tus, and will, therefore,allow practice to stand
as the basis for my treatise on the cooling sur-
face subject; but I will confidently assert that
for practical cooling surfaces, equal surface
being allowed, the best and most economical
results will be obtained with the smaller diam-
eter of pipe, with either brine or direct am-
monia, conditions of operation of the balance
of the refrigerating plant being assumed to
be favorable to either pipe. Years since, the
writer had occasion to make an extended in-
vestigation of the brine circulation system,
for the purpose of collecting evidence to be
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used in a threatened infringement suit. Notes
taken at the time have been preserved, and
extracts from the same have set the writer
and some of his friends on the road to im-
provement on many occasions.

From notes on a large brewery in Ohio, I
would call the attention of the reader to primi-
tive construction in the line of confined brine
circulation. The machine, brine tank, con-
denser, brine pump and balance of the re-
frigerating apparatus proper were of an old
standard construction, more than amply large
enough to easily perform the duty of refriger-
ating the brewery in question. The construc-
tion of the cellars was good, fully up to the
standard at that time, but the piping of the
cellars was such that the successful refrigera-
tion of the brewery was simply impossible.
To illustrate: One cellar, containing in the
aggregate about 39,000 cubic feet of space,
was piped, by actual measure, with 3,285 feet
of 1-inch pipe 7n one continuous coil, connected
to the main feed and return pipes only at each
end of cellar. 'The coil was frosted less than
one-third of its length,and the balance showed
black and dripping with condensation of moist-
ure from the air of the cellar. Every cellar-
in the brewery was piped in a similar manner.
Two or three small cellars, containing from
400 to 600 feet of pipe each, showed coils all
nicely frosted and temperatures as low as the
brewer could reasonably ask for. A sugges-



20 PRACTICAL ICE MAKING

tion was offered to the engineer that he divide
the coils in the large room into sections of ten
or twelve coils, and connect each section to the
mains by means of manifolds, or headers. He
replied that he was there to run the plant, not
to fix it up; that it did not belong to the brew-
ery, as it had never been accepted and proba-
bly never would be. He was running the ma-
chine at a ruinous speed, as he said, ‘“just to
find out how much he could get out of the
old thing.” He is still engineering—pumping
sewage on a city political job, and has found
his proper level.

Some time later the writer met the builder
of the plant and told him about the pipe work.
He assured me that he had never visited the
brewery, having intrusted the work to a man
whom he had reason to suppose knew his busi-
ness, as he was a practical steam fitter and
engineer. My friend thanked me for the in-
formation I had given him, and in token of his
appreciation gave me a cigar, with which I
secured the undisputed possession of the en-
tire smoking compartment of a Pullman the
same evening. Later on, my friend wrote me
that the pipe work had been corrected, the
plant accepted,and that he had got his ‘““dough”
out of it.

Three hundred to 400 feet of 1-inch pipe is
the amount usually considered good practice
for brine circulating coils. I have seen, how-
ever, 600 feet used successfully with low tem-
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perature brine. Many contractors are now
giving preference to 1%-inch pipe on account
of its being more rigid than the inch pipe.
Instances occur where larger pipe is used,
even as large as 6-inch, but the small pipe is
the favorite all around.

For direct ammonia expansion there seems
to be no particular established length of coils.
Where 2-inch pipe is used, the writer has
noted a variance of from 800 to 2,000 feet to
the coil, and even at the latter figure it would
seem that the limit has not been reached. In
the ’70’s Theo. Krausch experimented with
direct ammonia; and I have heard it said that
he remarked that ‘““he did not believe he had
money enough to purchase sufficient pipe to
make a coil that anhydrous ammonia would
not frost to its full length, if connected with
suitable receiver and pump.” I am inclined
to think Mr. Krausch was right, and that it
would take the resources of a Vanderbilt or a
Gould to build such a coil, if liberally sup-
plied with liquid and exhausted with a large

pump.



CHAPTER II.
LOCATION OF PIPING.

O much for circulation. Now let us con-
sider the construction and location of
surfaces. As evidenced by the experience of
the Ohio brewer referred to in the previous
chapter, the early construction of cooling sur-
faces were devoid of the conveniences now
considered absolute essentials to a thorough
and satisfactory job of pipe work. Then the
universal custom was to suspend the pipe coils
as near the ceiling of the cooling chamber as
possible or convenient, spacing the pipes about
six inches apart from center to center, and, as
far as possible, covering the entire length and
breadth of the ceiling with pipe coils; and the
zenith of a refrigerating engineer’s ambition
was attained when sufficient frost accumulated
on the coils to close up the spaces between the
pipes, and produce a continuous unbroken
sheet of heavy frost all over the upper lines of
the chamber. This system cooled the cham-
bers and kept them cold—often colder than
was necessary or desirable, and I regret to
note that some refrigerating engineers yet
cling to this undesiral?zlg practice, possibly on
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the theory that it is best to let well enough
alone. The evolution of refrigeration and con-
sequent sharp competition in the trade have
driven the thoughtful contractor to devise
means to accomplish the same or better re-
sults at a less expense, and the ceiling piping
has been spread to greater centers,saving pipe
and securing better results by means of actu-
ally increased cooling surfaces and in the im-
proved circulation of the air in the chamber.
A reference to the sketch below will illustrate
the point discussed.
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'Six 1-inch pipes frosted to a thickness of
six inches, exposing a surface of 78.85 square
inches for each inch of length.
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9" Genter to center of pepes -

Six 1-inch pipes frosted to a thickness of
six inches, exposing a surface of 112.09 square
inches for each inch of length, and affording
sufficient space for circulation of air between
the surfaces. To the practical engineer fur-
ther comment on this point would seem un-
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necessary; but to the inexperienced I would
say, spread your surfaces well apart, no mat-
ter what refrigerant you are using.

Early practice offered no means of cutting
out an individual coil from the circulation
without shutting off the entire chamber. It
was a case of everything or nothing, and the
regulation of the temperature in one chamber,
as against the temperature in other chambers
in the same building, was only possible by the

C__ o

partial closing of the main valves to the mani-
folds, or headers, of a given chamber, or the
opening of doors or windows when the tem-
perature ran too low. The first alternative
invariably resulted in dripping from part of
the coils, at least; the second was only a make-
shift at best. As the field of mechanical re-
frigeration broadened out and entered the
premises of general produce storage houses,
the necessity for controlling the temperatures
of various chambers to a degree and at widely
differing temperatures became apparent, and

%
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this recognition led to many experiments and
not a few expensive failures. The problem
was solved when the ordinary steam circu-
lating coil, with a shut-off at each end, was
adopted for refrigerating surface coils,and the
accepted brine circulation practice of to-day
is illustrated by the foregoing sketch.

The best practice locates the return mani-
fold at a point above the feed manifold, so as
to insure that the circulation pipes are at all
times full of brine, to prevent trapping of air
in the pipes and consequent internal corrosion
of the pipes. For the same reason, it is de-
sirable that the feed and return mains should
be constructed on the stand pipe system,
extending above the highest circulation coils
and dropping down to receive the circulation
connections. Many complaints of brine pipes
corroding out in a comparatively short time
can be traced to a failure to observe this
necessary feature in the original construction
of the circulating system.

To my mind, for direct refrigeration the
flat coil system near the ceiling of the chamber
(but sufficiently removed from the ceiling to
afford a free circulation of air above the coils)
is the most desirable and practical system for
general use. This system certainly insures
more even temperature throughout the entire
chamber than is possible with any other direct
system. I appreciate that conditions are to
be met with which make it desirable that the
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coils should not be suspended above certain
lines of merchandise held in storage, as, for
instance, where possible dripping of melting
frost from the pipes would damage the goods.
In such cases I would not recommend taking
any chances with flat ceiling coils, but would
group the pipes in box coils above convenient
passages between the goods, or would arrange
the coils around the walls of the chamber, as
might best suit the conditions to be met.
With both the box coil and the wall coil sys-
tems, the objectionable feature frequently
complained of is sweating ceilings. The
moisture in the air condenses on the ceiling,
and very often drips down on the goods below.

Natural laws should be given due consid-
eration in the construction of a cold storage
plant. It is an established fact that cold air
is heavier than warm air, consequently cold
air will fall to the lowest level, and force the
lighter warm air to the highest confined limits.
Gravity attracts falling bodies, when not ob-
structed, in straight lines. Cold air, when
not obstructed, will fall in direct lines from
refrigerated surfaces, forcing up counter-cur-
rents of warm air to replace the falling currents
of cold air. Diverting the natural direction
of either current necessarily opposes natural
laws; in consequence, good practice should
suggest the advisability of utilizing natural
forces to the fullest extent. Placing drip
floors under cooling surfaces will divert nat-
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ural currents and will deter results, possibly
not dangerously but certainly appreciably. In
some instances where the writer has been
called upon to correct an unaccountable and
unsatisfactory condition in a certain cooling
chamber, the simple removal of an obstruct-
ing drip floor from beneath the cooling sur-
faces has promptly removed the source of
annoyance. This feature is particularly no-
ticeable as the frequent cause of sweating ceil-
ings, a condition that is rarely met with where
flat ceiling coils are adopted.

For chambers where danger from dripping
must be guarded against, the indirect system
of cooling surface is sometimes applied with
good results. This system is necessarily a
diverted current system, and the reader may
be expected to take issue with me for recom-
mending the indirect system immediately fol-
lowing my own assertions in relation to natural
laws and the utilizing of the same. My excuse
must be that where conditions exist making it
impracticable to apply the best methods, then
we must accept the inevitable and cast about
us for the means to apply methods that will
accomplish our purposes in the manner most
suitable to all surroundings. Ina few words,
the indirect system may best be described as
a pipe chamber directly over the cooling cham-
ber and connected to the cooling chamber by
one or more cold air ducts, leading from the
lowest point in the pipe chamber to the lowest
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point in the cooling chamber, and one or more
warm air ducts leading from the highest point
in the cooling chamber to a point above the
cooling surfaces in the pipe chamber. To
illustrate, I submit the sketch below:

A A Insulated owlervalls- A
B Ppecramer.
C. Cora acr Secct -
c D Warm arr3zecl-
EZEG Insriated cec 2eng @and
Fq et parlelions ~

2 Cool:z ng Clamber-

Inairect syster -

|

In this construction it is essential that the
cold air ducts and the ceiling below the pipe
chamber should be thoroughly insulated,
otherwise condensation of the moisture in
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the air will be deposited on the wall and
ceiling, especially when the chambers are
opened for the reception and discharge of
goods. When well insulated, such chambers
will keep dry and sweet, and the feature of
danger from dripping of melting frost from
the pipesis effectually removed. Several emi-
nent constructing engineers claim the honor
of having invented this indirect system, but
in the humble opinion of the writer it ap-
proaches so near to the lines of the old in-
direct ice refrigeration constructions as to be
worthy only of the term adaptation rather
than invention. It’s older than I am; and
although creeping along in years, I’'m still
“The Boy.”

One of the many humbugs that have been
and are constantly being introduced in the
refrigerating field and in the opinion of many
practical refrigerating engineers the most
glaring humbug of all refrigerating humbugs
up to the present, is the radiating disc so fre-
quently used in connection with direct am-
monia expansion pipe surfaces by some of the
leading builders of refrigerating plants. The
disc has come into such general use that ordi-
narily it is accepted by purchasers of refrig-
erating plants without so much as a passing
thought regarding its practical utility. Jones
has it on the pipes in his brewery; Smith’s
cold storage piping is covered with beautiful
white discs, and they improve the appearance
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of the piping. It must be all right or Jones
and Smith would have discovered the fault
and the discs would have been thrown out.
How many times every refrigerating engineer
and salesman, who has given the disc subject
the consideration it deserves, has had to com-
bat an argument similar to the above can only
be guessed, not stated in figures. Too fre-
quently Brown is not open to conviction and
will have just what Jones and Smith have.
The salesman wants to do the honest thing by
his customer and offers to show the facts by
comparative figuring; but you must not oppose
the pet convictions of a possible customer or
you will run a chance of losing his contract.
The disc is a seductively appearing ornament,
which is its only claim to recognition by a
careful, thoughtful refrigerating engineer.
Let us compare some cold (not refriger-
ated) facts concerning the disc and pipe sur-
faces. The usual disc is about twelve inches
in diameter, {%-inch thick, tapering to 3%-inch
thick toward the center, supported on the
pipe by a boss, or flanged hub, about 1 inch to
1Y inches wide. The surface of a 12-inch
disc would be 113 square inches, minus hole
in center for a 2-inch pipe, say 4.43 square
inches = 108.57 square inches, multiplied by
2=217.14 square inches of surface for both
sides of the disc. The disc weighs about
nine pounds, and sells at from twenty-five to
thirty cents each (for convenience, say aver- -
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aging twenty-seven cents, or three cents per
pound. Now, the actual outside diameter of
a 2-inch pipe is 2.375 inches, circumference
7.46 inches, multiplied by 12=289.5 square
inches, the surface of one foot of 2-inch pipe.
Dividing the surface of a disc, 217.14 square
inches, by the surface of one foot of 2-inch
pipe, 89.5 square inches, we find that it takes
2.42 feet of 2-inch pipe to equal in surface the
surface of one disc, and this on a basis of pipe
and disc bare (free from frost). Now 2-inch
pipe is worth about eight cents per foot, in
large quantities; 2.42 feet X8=19.36 cents
for surface of pipe equal to surface of disc,
7.64 cents in favor of the pipe surface against
the disc surface in cost of material.

And this is by no means the worse feature
of the argument. We have compared the en-
tire disc surface with equal surface of pipe,
when actually such comparison has no place
either in theory or practice, for the reason
that all the heat radiated to the refrigerating
agent through the medium of the disc must
finally be transmitted through the intervening
pipe surface; and as the disc bears on the pipe
on a surface of about 1} inches wide by the
line of circumference of the pipe (1.25X 7.46
inches, or say about 9.32 square inches, of
actual transmitting surface), our comparative
surface calculations must finally resolve them-
selves down to the question of pipe surface as
.a finality, and the disc, pretty as it is, will
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never find hanging room on piping for refrig-
erating surfaces in a plant owned by or oper-
ated under the control of a man who will stop
to consider the subject long enough to arrive
at a practical conclusion. The writer does
not stand on a pedestal of virtue under the
claim of never having sold a disc. I’ve sold
car loads of discs, and may sell more of them
to some of the Browns who must have them in
their business; but I'll confess that I never
bought a disc in my life, and I’ll swear I never
will buy one (unless I can sell it at a profit to
some Brown who must have it). When con-
structing cooling surfaces, do it with good
iron pipe, and put in enough pipe togive ample
surface, but don’t cover your piping with frills
and ruffles. There’s nothing practical in me-
chanical style.

Piping in freezing chambers varies in form,
size and general construction fully as much as
in other branches of refrigeration. In many
cases the usual methods of hanging pipes from
the ceilings are adopted, merely increasing
the surfaces to double, or thereabouts, the
amount usually applied to rooms for tempera-
tures of from 32° to 34° F. In some cases
wooden racks, fitted with hooks for hanging
the materials which are to be frozen upon, are
built around the pipe coils which are sus-
pended from the walls, posts or ceilings. Some
engineers prefer rigid box coils, from four to
eight pipes high and three to six pipes wide,
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located directly above the floors of the cham-
bers. The coils are spread apart sufficiently
vertically to serve as racks on which to place
trays, or pans, containing the material to be
frozen (see sketch). The trays, or pans, are
filled in the packing or storage rooms and

taken into the freezing rooms on large ware-
house trucks, to avoid opening dand closing
doors as much as possible. “As one rack is
filled with fresh material another rack ‘of
frozen material is loaded on to the truck and
carted off to the packing and storage rooms.
It is rare indeed to see a freezing room filled
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with material much more than five feet from
the floor. Warehouse men soon appreciate
that the colder temperatures are found near-
est to the floor and are quick to take ad vantage
of this feature. In consequence of my own
observations of this branch of refrigeration, I
am led to the conclusion that a considerable
waste space is refrigerated in freezing cham-
bers unnecessarily, particularly so in cases
where the material to be frozen is not excess-
ively large in bulk. The hanging of carcasses
or even quarters of beef necessarily requires
a considerable height of the freezing chamber,
and in such cases only is it necessary to re-
frigerate the entire chamber. My own prefer-
énce of construction of freezers (approved
of and adopted by some of myengineer friends)
is the box coil system, near the floors, divid-
ing the chamber into several compartments
and inclosing each individual box coil in a
thoroughly insulated compartment ‘provided
with doors on the sides for lopding and dis-
charging the freezers, and each individual
freezer separated and isolated from its fellow
in the same chamber. Inthis mannera freezer
may be constructed against two of the walls
with a double compartment freezer in the
center of the chamber, leaving two convenient
aisles to reach the fronts of the freezers to
load and unload them, each freezer entirely
independent of the others and consequently
not affected by the opening and closing of its



AND REFRIGERATING. 35

fellow, and all of the freezers properly ventil-
ated from the top into the common chamber.
The chamber proper may or may not be re-
frigerated, as the engineer may determine.
The main pipes will do considerable in this
direction if connected to the coils at the far
end of the chamber.

This system will be found economical and
satisfactory for freezing small materials rapid-
ly and nicely. It is not patented. The idea
originated in a combination of a core oven and
a bake shop cooling rack, a combination that
calls to my mind the fact that quite a number
of refrigerating inventions indorsed by “Uncle
Sam’s” patent office can be traced directly
back to equally modest origins. Some other
fellow originated the ideas and the cool refrig-
erating engineer collected them together in
combination, applied them to cooling, and pat-
ented the “invention.” This is the key note
of the success of the up-to-date refrigerating
engineer: he seizes and applies every good
thing he meets that is applicable to his line of
business, and if he is square it’s ten to one he
will tell you where he got the idea of that new
(to you) good thing he has recently applied.
Any first-class patent attorney could chase
nine-tenths of the refrigerating patents off
the face of the earth in a court of record trial.

The most desirable material for refriger-
ating surfaces is iron pipe. Several years’
experience with steel pipe have proven that
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the steel pipe will not last as long as the iron
pipe. Especially is this fact noticeable in con-
nection with brine piping. The writer put up
iron pipe for brine circulation upwards of
fifteen years since, that is to-day in constant
use and to all intents and purposes appears to
be as good as when first connected up. Steel
pipe put up in a similar manner as regards
connection and circulation has given out and
become absolutely useless in from three to four
years. Iam aware of severalinstances where
steel pipe has given entire satisfaction and can
point to a few examples within my own per-
sonal experience; but the general average has
been bad, so much so that I feel warranted in
strongly recommending a preference for the
iron pipe even at greater cost. The best is
always the cheapest in the long run; and the
best is none too good for use in every depart-
ment and detail of refrigeration construction.

For return bends the practical engineer
gives preference to extra strong iron pipe,
bent to a radius of one-half the distance he
wishes to locate his pipes from center to
center. The pipe bends are threaded and
connected with couplings on each end. The
ordinary coupling usually furnished with ran-
dom length pipe by the manufacturers should
be taken off and disposed of, as they are of
little or no value in connection with a first-
class job of pipe work. They are too short
and too light, and many times are tapped
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straight through —a feature that almost pre-
cludes the possibility of making and maintain-
ing tight joints, as the pipe is threaded taper
and a taper threaded pipe will not make a
first-class joint in a straight tapped coupling.
I would, therefore, advise the reader to avoid
the ordinary coupling, and would recommend
in lieu thereof the extra long barrel form of
chambered coupling, tapped taper from both
ends, with a shoulder left between the threads
in the center of the couplings. With such
couplings tight joints can be depended upon
for either brine or ammonia gas circulation.
Such couplings are listed by almost all of the
leading pipe and fitting manufacturers under
such names as  patent coupling,” ‘‘sleeve
coupling,” ‘hydraulic coupling,” ‘special
sleeve,” etc., and while their cost is consider-
ably more than for the ordinary coupling,
their comparative value is far above the differ-
ence in cost.

Many engineers who have served their
early time in shops where steam fitting isa
part of the business, frequently make use of
the right-and-left coupling for closing connec-
tions. This is a bad practice, and should
never be used in connection with any part of
a refrigerating plant; the uncertainty of mak-
ing a joint on two pipes at once, and having
an equal bearing when connected on both
pipes, will condemn the right-and-left connec-
tion. The element of uncertainty should
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always be avoided and never adopted on the
plea of convenience. Any good flange union
(or box union, for that matter)is preferable to
aright-and-left connection and should be given
the preference every time, unless something
still better is at hand.

Every circulation coil should be provided
with a valve, or cock (preferably, in ammonia
circulation, with a valve), at each end of the
coil to enable the cutting out of the coil at any
time for examination and repair or to lessen
the refrigerating surface in cases where the
temperature falls below the point desired.

All mains and manifolds should be con-
nected with flanged joints at convenient inter-
vals, to enable the engineer to disconnect at
any desired point in the system for the pur-
pose of making any emergent repairs or toadd
further desired connections, without neces-
sitating the breaking of a fitting or chiseling
off a pipe to accomplish the purpose.

Mains, manifolds and circulation pipes
should be kept well painted with good water-
proof iron paint to prevent external corrosion
when free from frost. Most engineers clean
and paint all piping every winter, at least.
Such is considered good practice. The writer
bhas been asked many times: “ What can we
do to avoid this annual painting nuisance?”
And the only solution which can be offered of
the coundrum is, put in galvanized pipe. I
want to say, however, that if the pipe is to be



AND REFRIGERATING. 39

used for direct ammonia expansion it must
not be galvanized inside. One of the writer’s
errors of youth was to recommend (uninten-
tionally of any wrong) the use of galvanized
pipe in connection with a certain direct expan-
sion plant in a room where it was necessary
to cut off the circulation at times, and the
engineer complained of rust when shut off.
Following my advice, the engineer bought
some galvanized pipe—the ordinary, commer-
cial galvanized pipe, galvanized inside and
outside. After the circulation was turned on
that room again, there was an increase in con-
densing pressure on that plant that nearly
scared the engineer to death (and incidentally
kept “The Boy” and some of his friends
guessing several hours before the difficulty
was located). Permanent gases resulted from
the decomposition of the zinc used in galvaniz-
ing the inside of the pipe when brought in con-
tact with the ammonia; the pumps discharged
the permanent gases into the condenser, and
the gauge told the story. I gained some val-
uable experience blowing off permanent gases
on that plant. Sodid some other fellows whom
I called in to assist me. Not one of us will
ever forget it, nor will we ever put up any
more pipe, galvanized on the inside, for direct
expansion. Any pipe manufacturer will fur-
nish pipe, galvanized on the outside only, on
special orders; and that is the kind of galvan-
nized pipe touse for directammonia expansion,



CHAPTER III
THE CONSTRUCTION AND PIPING OF BRINE TANKS.

EAVING the investigation of chill room

cooling surfaces, our next step would
naturally lead us into a research of the source,
or fountain head, of the refrigerating agent;
and following the mains from the chill rooms,
we would be led directly to the brine tank, if
the plant should be a brine plant, or to the com-
pressors, if the plant should be a direct am-
monia expansion plant. Let us consider the
plant as a brine plant, and look closely into
the construction of the stored up refrigerat-
ing agent and its surroundings.

Arriving at the tank, we find it, in the ma-
jority of plants, ornamentally cased in with
finished and oiled woodwork, and covered up
with insulated covers, completely concealing
its .construction and effectually blocking our
investigations. We perchance climb up on
top of the woodwork, and raising one of the
covers attempt to discover the contents. It
is all dark within; but as we become accus-
tomed to the darkness, we dimly perceive that
the tank is full, or nearly so, with water. Dip-
ping out a sample, wgo)ﬁnd it salt—very salt,
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water; and as we are not provided with diving
suits, we conclude not to drop down into the
tank,and we hunt up and question the engineer
on the construction of the tank, the form and
size of coils it contains, construction and con-
nection of manifolds, and—what not? Too
frequently the engineer has never seen the
brine out of the tank; and many times if he
has seen the coils dry, he either cannot or will
not give a satisfactory description of the con-
tents of the tank. And itis possibly excusable
in him, too, as many skeletons of mechanical
hopes and many Waterloos of refrigerating
experiments are sunk out of sight (but still in
use) in many a brine tank in this country.

Well, as we can’t dive into every tank we
see, we shall be obliged to depend on the word
of those who have been in the tanks and seen
all that is in them and kept a record of what
they have seen and are willing to tell us what
the record shows. Iam willing to ‘‘show my
hand,” and will tell you what my own experi-
ence has been. First, let me say that I have
no desire to criticise any other man’s work,
nor to be at all personal in my remarks on my
own observations. I will merely state facts,
and make such comments on ‘ thingsas I have
found them,” as will, in my opinion, enable any
engineer with common sense to avoid being
misled.

Brine tanks have been built almost without
regard to any accepted theory or practice;and
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tanks can be found that have been constructed
to fit a given space rather than with a view to
economy and practicability. Thereareround
tanks, square tanks, deep tanks, shallow tanks,
broak tanks, narrow tanks; and I remember
one instance of a ‘‘well hole tank.” It has
been said that ‘variety is the spice of life,”
and if this is to be accepted as a fact, the state-
‘ment could truthfully be enlarged upon and
applied to the cold art by saying that brine
tank variety is the cayenne pepper of refrig-
eration. No two builders adopt the same
standards in either tanks or evaporating sur-
faces. The round tank is admissibly the cheap-
est tank in first cost that can be built, for
the reason that it requires less bracing than
any other form of tank. The pressure of con-
tents being equal on the circumference at all
points at a given height, it is, therefore, only
necessary that the plates should be constructed
of a sufficient thickness of metal to withstand
the pressure of the contents of the tank and
the seams properly made, and the result will
be a good tank. Round tanks are, however,
the poorest refrigerating tanks extant; for the
reason that the coils must be made to conform
to the shape of the tank.

And right here this practical feature must
be given the consideration it deserves. Spiral
coils are the meanest coils made to handle, to
clean, to repair—to do anything with. It is
next to impossible to adapt a set of spiral coils
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to a round brine tank and secure area open-
ings from the coils of the same aggregate area
as the area of the ammonia suction pipe (a
feature of the utmost importance to econom-
ical results) and at the same time space the
coils to the best advantage in the tank. Any
one who has been obliged to handle, clean and
repair spiral coils out of a round brine tank
will advise you to avoid them.

Round tanks will not locate nicely into cor-
ners of rooms. They leave a waste, useless
spacein the corner. Theyexpose more surface
to radiation proportionate totheir contents than
any other form of tank. No round tanks and
spiral coils for ‘“yours truly.” Square and
oblong tanks will locate nicely in wall corners,
and when insulated from the walls expose but
two sides to radiation. Coils can be put in so
as to occupy the space to the best advantage,
and area openings to the coils can readily be
accommodated to the area of the suction pipe.
It will cost more money for square and oblong
tanks than for round tanks, but you are getting
value for your money, and that is the only real
consideration in a refrigerating trade.

To give the reader an idea of first-class
tank construction, I submit a copy * of an old
standard tank specification, in blank; and the

* SPECIFICATION:

Please name us your lowest price on the following speci-
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writer has on file a list of over 500 tanks, run-
ning in value above $250,000, that were built
on similar specifications, and there was little
or no trouble with any of them. The bands
around the body of the tanks were made of
two 3X3-inch angle irons, with a flat plate
14 X6 inches riveted between, the angles bent
around the corners of the tanks, and the flat
plates lapped and riveted together at the cor-
ners. On tanks six feet deep, one band was
put on; tanks eight feet deep, two bands;
tanks twelve feet deep, three bands; all spaced

fled tank delivered................ccooieiiiinnn. viz.:........ Open
top tank of........ in. iron. ...... long x........ wide x.......
ft. deep, with........ in. x........ in. angle iron around top, and
........ bands around body of tank made each from...........

Tank to have........ brace rods the..... .. ft. way, each
made from........ in......... ... iron, and fastened at each
end by..... «eviiiiiit it viiiiiiis

Tank to be further bracedby...............ccovveiiiiiiiiae,
................................ All as per accompanying sketch.

In the construction of the above work, only first-class
material and workmanship shall be employed. All corners
of tank to be made by bending to............ radius, or made
with....... in. angle iron, as may be preferred by contractor.
No split calking to be allowed about tank . All rivets to be
hand driven, no snapping allowed, and all sheets to be well
laid up. No lead to be used in making joints. Tank to be
filled with water when completed, to test same, and guaran-
teed water tight, and free from leaks of any description, and
not to bulge when filled with water. Tank to be painted
after testing with first-class........... ..., ccoviiiiiiiiiiiiiiiia.

Tank to be subject to our inspection and approval, and
any work found defective either in material or workmanship
to be satisfactorily rectified without any additional expense
to us.

Tank to be delivered, as above specified, complete, and
finished by.....oovivivniniiiinrnnnnnns ...18...., without fail.

Awaiting your earliest reply, we remain, yours very
truly, s i
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so as to equalize the strain on the tank plates
from top to bottom. Tanks six feet deep were
made of 3-16-inch plate; eight to twelve feet
deep, ¥%-inch plate; fifteen feet and deeper,
3-inch plate on the bottom course, 5-16-inch
on the center course, and ¥4 -inch or 3-16-inch
on the top course. Long tanks were braced
crosswise with stay rods of 1-inch or 1}%-inch
square iron fastened to the inside of the tank
by a pair of 5X3-inch angle irons running ver-
tically, the rods having eyes or rings turned
on the ends which were held in place by pins,
or bolts, through the two angle irons on each
end. Generally turnbuckles were put in the
center of the rods to tighten up the rods by.
All tanks were painted with two coats of water-
proof paint inside and outside. Some of those
old tanks will still be doing business when you
and I are “ pushing clouds.” They were put
up to stay.

Speaking about putting up a tank, there is
only one way to put up a refrigerating tank,
and that is the right way; and the right way is
to dig down until you strike blue clay, hard
pan, or other solid footing, and run up good
hard brick or stone piers to the floor level;lay
good 2-inch plank over the piers; then two
courses of first-class waterproof insulating
paper, one course crossing the other; then
rough boards over the paper; then 2X12 joists
on edge, 12-inch centers, strongly battened up
at both ends and in the center, filling the
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space between the joists with granulated cork,
rammed in tight; then rough boards over the
joists, and two courses of paper again over the
boards, and finish over the paper with good,
clear dressed and matched flooring, When
the tank is in position on such a foundation,
dam up all around the tank, and pour hot pitch
under the entire bottom of the tank. Such a
foundation will pay for itself in a year by keep-
ing heat from entering the tank from below.
When the tank is in permanent position, set
up joists or furring strips around the exposed
surfaces; nail on rough boards, keeping about
one foot away from the face of the tank, begin-
ning at the bottom, and as fast as the boards
are put on, fill in the space between the tank
and the boards with granulated cork, well
rammed in. Where the tank is placed in a
corner, keep it out about a foot from both
walls, and fill in with cork between the tank
and the walls, as above described. Over the
rough boards put on two courses of paper, and
finish over the paper with good flooring. Don’t
waste money on fancy finished lagging; save
it to put in some other detail that will give you
adequate returns. Make a good set of well
insulated covers in sections small enough to
handle easily, and you are ready for your
coils.

And you had better stop right here, and do
some hard thinking before you put a single
coil in that tank; because between the evapo-
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rating surfaces in the tank and the ability of
your compressors to relieve the coils of the
ammonia they are capable of evaporating and
expanding, rests the principal efficiency and
economy of the plant. Here I will submit a
table that I have compiled in a hurry. It will
convey intelligently in a small space what
would necessitate many pages of description.
The figures are from actual experiences in
practice; the proportions are the result of
thought and care, and you can rest assured
they are safe.
TABLE OF BRINE TANKS AND COILS.
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25 tons.| 16| 13| 8% %| 1,664381211] 1| 5,016 200
35 « .. 2013 83| %| 2,080461211 1| 6,072/ 173.5
50 « ../ 20013 11" | ¥| 2,730146/16/11| 1| 8,188/ 163.4
75 « ..| 22 15| 15 | 3| 4,785/522013| 1|13,963| 186 _
Av'rage | | 4) 722.9

NoOTE.—While the 50-ton brine tank contained the lowest
average evaporating surface per ton of rated capacity, yet it
has proven ample, when operated in connection with good
compressors, as was demonstrated by Prof. Denton's reports
of tests, in which a 50-ton Consolidated machine, in connec-
tion with a brine tank and evaporating surfaces of the above
dimensions, actually performed a refrigerating duty equal to
the melting of seventy-five tons of ice in twenty-four hours.

Now a few words in relation to the size of
pipe for evaporating surfaces: First,no matter



48 PRACTICAL ICE MAKING

what size of pipe you decide upon, don’t let
some chump try to influence you to put com-
mon pipe into a brine tank. Buy and pay
for extra strong iron pipe, and you will save
many dollars in the long run. Don’t cover up
any skeletons in the depths of your brine tank.
Good material is trouble enough to take care
of, without hunting for more by sinking poor
material under brine.

. Every first-class refrigerating engineer in
this country who is honest in what he says .
will recommend small pipe in preference to
large pipe for all heat transmitting surfaces.
You ask why? I will answer: Because he
knows that the advantage, when volume of
contents and surface are compared, is largely
in favor of the small pipe. I would advise
every owner of a refrigerating plant, and
every engineer operating one, to purchase a
copy of the “Compend of Mechanical Refrig-
eration,” published by H. S. Rich & Co., and
familiarize himself with the two tables on
pages 129 and 130 of same on the subject, the
‘““Dimensions of Pipes.” These two tables
alone are of more value to the interested
student of refrigeration than the price of the
book ten times over. For convenience, I bor-
row the following data from the subject as
treated by Prof. Siebel in the above book:

“One running foot of 2-inch pipe is equal
to 1.44 feet of 1%-inch pipe, and 1.8 feet of
1-inch pipe as regards surface.”
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From the common pipe table I deduce the
following:

“Length of pipe containing one cubic foot,
2-inch pipe, 42.36 feet; 1}4-inch pipe, 96.25 feet;
1-inch pipe, 166 feet.”

Examine the above closely. The 2-inch
pipe has 44 per cent more surface thanthe1}{-
inch pipe, and 80 per cent more surface than
the 1l-inch pipe. The content of the 2-inch
pipe is 2.27 times that of the 1}{-inch pipe,
and nearly four times that of the 1-inch pipe;
and when considering extra strong pipe, while
the surfaces are exactly the same as in the
case of the common pipe, the volume is still
greater proportionally. The only rational con-
clusion, therefore, which can be deduced from
the comparison is that the large pipe does not,
comparatively speaking, expose sufficient sur-
face to transmit the heat its content is capable
of absorbing; and to make use of an equivalent
comparison in practice, I would assume that a
man who would use large pipe for heat trans-
mitting surface in connection with a refriger-
ating plant could reasonably be expected to
give preference to an old style flue boiler over
a modern tubular or a water tube boiler for
making steam. The principle involved is
identical in either case.



CHAPTER IV.

BRINIE TANK COILS.

AVING decided upon the size of piping
to be used for evaporating and expansion
surfaces and the proportionate number of feet
of such pipe to be used per ton of refrigerating
capacity, the next step is to determine the
most practical and economical, as well as most
convenient manner, of locuting the coils in
position in the brine tank and connecting up
the coils to the liquid and suction systems,
with reference to securing the best results.
It is conceded that there is a wide differ-
ence of opinion existing among the shining
lights of the profession in relation to the form
of evaporating coils and the manner of con-
necting up the same. The diversity of opinion
as to form (or shape) is aptly illustrated by
the advertisements of various coil manufact-
urers; and while these advertisements do not
cover the entire range of opinion, they will
serve to illustrate the fact that the authorities
do not all agree on any one particular form or
shape of coil. '
I have paused a few moments here to light

my pipe and look over an old memorandum
' (50)
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book containing some sketches of evaporating
coils, from the long-ago and up-to-date, illus-
trating other people’s as well as my own ex-
ploded theories and fair successes. I find
spiral coils, elliptic coils, flat coils, with
screwed or flanged return bends, welded and
bent flat coils, Baudelot coils and a number of
other shapes, most of which are unworthy of
mention; but a note, without date, made some
time before 1884, will bear repeating, if not
interest. The memorandum reads: ‘Of all
the coils heretofore sketched and described,
the welded and bent flat coil is the most prac-
tical, for the following reasons: (1) Experience
has proved that it can be built more economi-
cally than any other form of coil; (2) it will
load to better advantage on a car for shipment
than any other form; (3) it is the most con-
venient form of coil for handling in and out
of a tank; (4) being devoid of screwed joints
from end to end of coil, the liability of leakage
in a tank and consequent delay in erecting a
plant is reduced to the minimum.”

I made that memorandum more than twelve
years ago, and at this time I have noreason to
warrant me in changing the verdict. In my
opinion the welded and bent flat coil should be
given the preference, all surroundings being
considered.

Three systems of connecting up evaporat-
ing coils have been and are now used in brine
and freezing tanks, and each one of the three
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has its strong advocates among the practical
refrigerating engineers and experts of the
art. For convenience I will divide the sys-
tems and treat them under captions which,
through use rather than suitability, have be-
come their names, viz.: *“ Top Feed,” ‘“Bottom
Feed,” ¢“Top Feed and Bottom Expansion.”
The first of these systems which came
under my notice was the top feed system,
which consisted of a liquid manifold, made of
Y%-inch, %-inch or l-inch extra strong pipe,
with a regulating, or, as we used to call it, an
“evaporating valve for each individual evapor-
ating coil. This liquid manifold was con-
nected to the top end of the coils by means of
ammonia unions, nipples being screwed and
soldered into the valves for the union connec-
tion to the coils. In the center of the liquid
manifold a tee was placed to receive the pipe
connection from the liquid receiver. The gas,
or suction, manifold, made of extra strong
pipe, usually the same size as the suction pipe
to the compressors, and provided with a nipple
for union connection to the coils, was located
and connected to the bottom ends of all of the
evaporating coils. This manifold was fitted
with a tee in the center, to receive the suction
pipe connection, and also with a purger pipe
connection on the bottom side of the manifold,
leading out through the tank (and provided -
with a packing gland, or flange, to prevent
brine from leaking out of the tank), and a
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purge valve outside of the tank. The evap-
orating valves (sometimes called distributer
valves) were regulated (as far as possible by
experimenting with them) to give an equal
distribution of liquid to each individual coil,
and the evaporating or back pressure was then
controlled entirely by means of a main regulat-
ing valve on the liquid pipe outside of the tank.

At times it would be found necessary to
“blow out,” ‘““flush” or *“purge” the liquid
manifold, owing to oil from the compressors
-coming over with the liquid and lodging in
the valves, where it would freeze and clog up
the openings to the coils and prevent the ac-
complishment of satisfactory results in con-
sequence. The purging process was one of
the drawbacks to the engineer’s joy. Many
an old time engineer will remember his * salt-
junk fat hands” after a session of purging;and
as he reads these lines he will smile, because
it’s all different now. The purging process
consisted of closing every valve on the liquid
manifold; and while the machine was running
slow, open one at a time wide, allowing a rush
of liquid through the valve to melt out and
carry the oil down through the coil to the bot-
tom manifold; then close the valve tight, and
repeat the operation on the next valve, and
keep on repeating until every valve was
purged; and then open and regulate the valves
one at a time. And it was hours, sometimes
days, before the exact, delicate combination
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was working satisfactorily again. Some way
or another, the brine would always manage te
get up over the valve wheels, and the purging
was done three times out of five with the bare
hand immersed in co/d brine,—ye gods! how
cold! Many’s the time your humble servant
would willingly have affirmed that it was 30°
below zero when it actually stood 14° above;
but two or three hours in 14° brine would
tempt a saint to lie.

After purging the liquid manifold, the
purger on the bottom manifold would be tried,
and the usual result was from two ounces to
half a pint or more of a yellowish or milky
liquid that was good stuff to get out of a plant
as soon as possible. It would saponify and
stick so tight to a glass or can that it could not
be washed out; and stink—well, there are only
two things I can compare that stink to: one is
the aroma of a morgue; the other is the odor
from a near relative ot the original: the smell
from the residue of cheap, gas house ammonia
offered at a few cents less than the marketand
worth dollars less than nothing (as the pur-
chaser finds, to his sorrow, when too late).

Right here I want to digress from the sub-
ject in hand long enough to pay a deserved
tribute to the energy and honesty of the orig-
inal anhydrous ammonia manufacturers of
this country. When Ifirst became interested
in the subject of refrigeration and ice making,
we made our own ammonia from the aqua.
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We made it with a crude apparatus, and it cost
us a barrel of money to produce an inferior
article. Larkin & Shaffer, of St. Louis, Mo.,
now a strong factor in the National Ammonia
Co., were the first to recognize the inevitable
gigantic strides the then new industry would
make in this country, and they were shrewd
enough to take prompt advantage of the oppor-
tunity presented. At enormous expense (as
compared with later competition prices) they
installed a plant for the manufacture of anhy-
drous ammonia,and they made ANHYDROUS
AMMONIA, such as you don’t get from gas
house liquors. It was made from the sulphate,
the best sulphate they could buy, and you
could not carry a sample of their anhydrous
around, corked up in a pop bottle on a hot day
(as the writer did some cheap goods last sum-
mer). Early suecesses in refrigeration were
due as much to Larkin & Shaffer’s ammonia
as they were to the machines. They were the
pioneers in the business, who chopped out and
cleared the land for the present progress.
The writer has paid their bills for ammonia at
better than $1 a pound, and received 100 cents
on the dollar in value for every dollar he ever
paid them. Some day the consumer willlearn
that he can’t get something for nothing (as
the nigger puts it), and when he does, aniy-
drous ammonia will not sell for anything like
twenty cents per pound. Good ammonia at $1
a pound is cheap to the consumer when com-
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pared with the truck the writer lately tested
at twenty-two cents per pound. And I am not
saying whose ammonia it was, either.

Top FEep.—To resume: The top feed
system has its advantages, and it also has its
objectionable features. The advantage will
be appreciated by every engineer who will
stop and think a little. The arguments in
favor of top feed are the following:

First.—Liquid fed in the top of a coil will
naturally seek the lowest point, and in doing
so (if not fed into the coil too fast) will spread
itself out to the furthest limit, exposing the
greatest possible surface to evaporation. 1f you
have observed the water in a boiler when it
was being carried too high, you have noticed
that the boiler does not “steam ” well. Why?
Because the evaporating surface decreases as
the water line runs up the circle of the shell,
and you have not room or surface enough to
promptly liberate the steam from the water
as rapidly as it can be formed. What is the
difference, in principle, between a boiler and a
brine tank? None; both are mediums, or con-
veyances, for the transmission of heat; one to
utilize the heat, the other to dispose of it. In
either case the main object is to fransmit the
heat in the most economical manner. Study
the question from this standpoint and you will
reach a sensible conclusion. When the liquid
reaches the end of the first run of pipe in the
evaporating coil, it trickles down the bend to



AND REFRIGERATING. 57

the second run. Gravity assists the opera-
tion. It spreadsoutagain, once more increas-
ing the evaporating surface, and so on down
the coil, until (if properly regulated) the liquid
has changed to a gas and expands fully before
reaching the suction manifold.

Second.—Observation has demonstrated to
all of us that there is a difference of several
degrees between the temperature of the brine
at the top and that at the bottom of a brine
tank. Especially is this noticeable in a deep
tank. Why? Because the return brine from
the chill rooms is necessarily warmer than the
discharge brine from the brine pump, other-
wise the circulation of the brine would not
haveaccomplished any purpose. Where there
is the most heat, there will of necessity be the
most ready evaporation. If you don’t believe
this assertion, close the dampers of your boiler
for a few moments and watch the steam press-
ure run down, and be convinced by practical
observation. The top of the brine is where
we will find the most heat. Let us therefore
take advantage of this fact and evaporate the
ammonia at the point where we have the great-
est facility for rapid evaporation; in other
words, where we can evaporate the greatest
amount of ammonia. As fast as the brine is
chilled it will go down to the bottom of the
tank, and as the gas expands in the coils it
will chill the brine and help gravity to push it
along down.
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The disadvantages of the top feed are: (1)
If too much liquid is fed to one or more coils,
it will run down into the suction manifold with-
out evaporating, or expanding, to its utmost;
and it is then sucked to the compressors with-
out having accomplished the purpose for which-
it was fed into the coils. (2) If oil is carried
over with the liquid to the coils, it will grad-
ually coat the interior of the coils with a soapy
lining that will partially prevent ready trans-
mission of heat, and consequently retard re-
sults. The saponified oil is hard to get rid
of without removing the coils from the tank
and steaming or pickling them out thoroughly.

Borrom FirEp.—This system consists of
reversing the manifolds as above described,
i. e., placing the liquid manifold at the bottom
of the coils (usually, however, dispensing with
the valves and making the manifold of large
pipe) and the gas or suction manifold at the
top of the coils. The liquid and suction con-
nections are the same in either system (always
providing the bottom manifold with a purger
pipe and valve). The advantages claimed for
the bottom feed system are:

First.—That the liquid enters the tank at
the coldest point, evaporating only such an
amount of liquid as the surrounding brine tem-
perature calls for; and as the gas expands and
travels up through the coils, the interchange
of temperature from the brine to the gasis
accomplished in the most theoretically correct
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manner, and the gas will leave the tank at
nearer the same temperature of the warmest
brine than is possible with any other system.

Second.—That the liquid being fed at the
bottom of the coils will absolutely prevent the
lodging of oil in the coils; on the theory that
when the oil becomes saponified by exposure .
to low temperature, it will not travel up hill,
but will lodge in the bottom manifold, keeping
the coils clean and in the best condition for
maximum transmission of heat.

7hird.—That with a large liquid manifold
in the bottom of the brine tank the major por-
tion of the liquid may be carried to the mani-
fold and the manifold actually used as the
liquid receiver; where the liquid will lie cold
in consequence of its own evaporation.

Fourth.—That the necessity of constant
regulation of liquid valves is reduced to a min-
imum; for the reason that if too much liquid
is fed into the manifold, it will merely lie there
cold without evaporating, and will not prove
detrimental to the operation of the plant.

The disadvantagesare: (1) The reducing
of evaporating surface to a minimum. You
cannot crowd a bottom feed system one inch
beyond the evaporation called for by the tem-
perature of the coldest brine in the tank.

(2) If the liquid valve is opened too much,
and the lower pipes of the coils are flooded
with liquid, in consequence the evaporating
surface will be confined to the area of the coils
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and not to the length of the pipes. Toillus-
trate the point, we will say that the lower
pipes are filled full of liquid up to the center
of the first bend. We would have the area of
one bend multiplied by the number of coils in
the tank, as the total evaporating surface. Or
a better illustration would be to take a 1-inch
pipe, 10 feet long, and fill it half full of liquid.
When it is placed in a vertical position, the
liquid would expose only 13%%% square inches
for evaporating surface. Now lay the pipe
down horizontally, and the liquid would spread
out until it exposed 120 square inches for
evaporating surface. The comparative merits
of the top feed and the bottom feed systems,
as regards the point of evaporating surface
exposed, are aptly illustrated by the above
suggested experiment. And that one illus-
tration is sufficient to condemn the bottom
feed system.

Tor FEED aND BorToM ExpansioN.—This
system is a combination of the best elements
of the two systems above described. Each
alternate coil in a tank is connected to a liquid
manifold (provided with regulating valves) at
the top of the tank, and the ammonia is evap-
orated downward through one-half of the coils
in the tank. All of the coils in the tank are
connected to a large bottom manifold (which
might be called an equalizing expansion mani-
fold), and the gas is returned up through the
second half of the coils to a gas suction mani-
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fold at the top of the tank, located behind and
a little above the liquid manifold. The suc-
tion manifold is provided with a tee for con-
necting to the suction pipe to the compressors.

The advantages of this system are: (1)
The evaporation of the liquid at the top of the
tank, where the brine is the warmest; (2)
double the travel of the gas that is possible
with either of the first two systems; (3) if one
coil_gets too much liquid and another not
enough, the surplus is trapped in the bottom,
or equalizing, manifold, and the return coils
will be given an equal distribution of gas to
the gas suction manifold.

This system has all of the advantages and
none of the disadvantages of the other two
systems, with the one exception of the oil clog-
ging feature, and later I will give a remedy
that will cure that evil effectually. The only
disadvantage I have ever heard mentioned of
the system was called to my attention by a
particular friend of mine, whose ancestors
sprang from the tribe of Judah. He said:
“Grashoos, my poy, dose costs doo mooch!”’
But I put ‘“dose ” in his tank, just the same,
and he is glad of it.

Now when connecting your coils to the
suction manifold, pay strict attention to one
point, and it will save you lots of trouble:
Put in coils enough so that their combined
area will equal the area of the suction pipe to
the compressors. If you want more coils than
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your suction pipe area will allow, put in as
many coils as you need, and choke off the area
openings from the coils to the suction mam-
fold by using double extra strong mppu:s
reducers or reducing flange unions until the
combined areas of all of your openings to the
coils equals the area of the suction pipe and
no more. Use good bolted flanged ammonia
unions to connect up the coils to the mani-
folds, so that you can take the joints apart
readily and quickly whenever it becomes
necessary to remove the coils from the
tank. The best is the cheapest in the long
run everywhere about an ammonia plant.



CHAPTER V.
THE LIQUID TRAP AND DRYER.

WO necessary details of construction in

an ice making or refrigerating plantare
neglected entirely by the majority of manu-
facturers and engineers. Where the engineer
neglects them it is generally owing to preju-
dice. As a rule, the manufacturer avoids
them merely to save expense in the cost of
the plant. I refer to the liquid trap and the
dryer. I will venture the assertion that no
unprejudiced engineer who has given the de-
tails mentioned a fair and impartial trial will
consent to their being overlooked in the con-
struction of any plant that is to be operated
under his supervision. These details are es-
sential, whether the plant be operated for
brine circulation or for direct ammonia ex-
pansion; and in the humble opinion of the
writer, acquired in the rough school of expe-
rience, no plant is complete without them—not
that it is necessary that they should be kept
in constant use, but that they may be in place
and connected up ready for use when the oc-
casion for their use arrives, as arise it does,

sooner or later, on every plant,
63) =~
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The liquid trap consists of a chamber,
usually constructed of a short piece of large-
diameter pipe, with heads welded in both
ends, or with ends capped, as may be most
convenient. The trap is placed on the liquid
pipe, as close as possible to the brine or freez-
ing tank or to the direct expansion coils in
the chill room or rooms. An expansion valve
is placed on the inlet of the trap and an ordi-
nary ammonia valve on the outlet of the trap.
Usually a by-pass is made in theliquid pipe so
that when necessary the liquid may be car-
ried around the trap and the trap discon-
nected for cleaning. A purge valve is located
in the bottom of the trap to allow of discharg-
ing or purging the contents of the trap when
in use, if so desired.

To operate the trap, the by-pass connec-
tions are closed and the outlet valve from the
trap (leading to the coil connections) is opened
wide. The evaporating pressure is controlled
entirely by the regulation of the expansion
valve at the inlet of the trap. Should the
ammonia be contaminated by oil, weak liquid
or other undesirable matter, excepting such
matter only as liquids equally as volatile as
anhydrous ammonia, the deleterious sub-
stances will lodge in the trap, and will not be
carried over into the expansion coils. The
writer knows of several instances where liquid
traps have freed ammonia systems of weak
liquors sufficiently in a few hours to obtain



AND REFRIGERATING. 65

satisfactory results, where before the trap was
introduced the plant was unable to perform the
functions required of it by atleast 20 per cent.

The objectionable feature in connection
with the trap is the fact that the ammonia is
evaporated outside of the tank, and there is in
consequence aloss of a portion of the available
heat-absorbing properties of the ammonia. It
is impracticable to place the trap within the
tank, first, on account of its being inaccessible
when so placed; and, second, on account of the
difficulty that would be experienced in purging
the trap of accumulated oilin case the trap was
surrounded with cold brine. The trap could
not readily be warmed up and the oil purged
out in a liquid state; the cold brine would keep
the oil in a heavy, saponified condition and
render purging a difficult, if not an impos-
sible, operation. The trap should therefore
be located where it can be easily got at and,
when necessary, where it can be warmed up,
outside of the tank. When used in connection
with direct expansion piping in chill rooms,
the trap can be located in any convenient posi-
tion in the room or in the hallways outside of
the rooms, as may be most desirable and prac-
tical.

As to the size of the trap, there is no rule
which needs following. I have seen traps used
all the way from four inches to ten inches in
diameter and from one foot to four feet in
length. See that you get sufficient area in
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the head to allow for drilling and tapping the
inlet and outlet connections, and make the
length of the trap tosuit your own fancy. The
less surface exposed, however, the less will be
the loss due to radiation of heat into the gas.

To Lreczing Gorls

Ziaudd 7;4/9- !

From Liquid Feceiver I

THE LIQUID TRAP.

The accompanying diagram is a sketch of
the trap, which is usually made of two feet
of 6-inch or 8-inch pipe, with heads welded in
each end, or with caps screwed and soldered
on, and fitted with connections the same size
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as the liquid line. The reader will fully un-
derstand the trap and its construction from
the sketch. K

Try the purge valve of the trap frequently
when the trap is in use. When the trap is
clean and dry inside, it will frost all over,
which condition will also obtain when the trap
contains weak liquor; but when the trap con-
tains saponified oil, it will tell you the factata
glance. The oil seems to be a non-conductor,
or insulator (as many of my readers have
ascertained when it worked into their expan-
sion coils), and the frost leaves the trap when
its interior is coated with saponified oil. You
can see just how much oil there is in the trap
by the frost line indicator. Sometimes, how-
ever, you will find a milky, or yellowish, weak
liquor will purge from the trap when it is
frosted all over. I explain this by the same
reasoning that has demonstrated thata sample
of ammonia tested in a glass or can will frost
every portion of the surface of the receptacle
below the liquid line, whether the ammonia be
good or bad. A liquid that will not freeze will
transmit heat much more readily than a frozen
liquid.

The dryer can be described as a trap on
the suction pipe, or connected in such a man-
ner that the suction gas can be passed through
it when necessary; said trap to be provided
with removable heads for filling and discharg-
ing, and the trap to be filled with a moisture-
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SKETCH FOR AMMONIA DRYER.
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absorbing substance, such as lime (unslaked)
or caustic soda, The diagram which appears
on the opposite page shows the construction
of the dryer, which may be described as
follows: -

The body of the dryer consists of a length
of 10-inch or 12-inch pipe from four feet to
eight feet long, with removable heads 4 and
B. Some users fill the body, or shell, with
a system of perforated trays made of wire
screen or perforated sheet steel, about one
foot apart, held up by flat iron stands, or feet.
The trays are put in from the top of the shell,
and as each tray is put in it is filled up with
fresh, dry lime or caustic soda. Others use
only one tray at the bottom, and fill up the
dryer shell to the top with lime or caustic
" soda. The suction pipe enters the bottom of
the dryer, and extends up about six inches to
form a trap and prevent particles of lime
from falling down into the pipe.

To operate the trap, close the straightway
valve D and open the cross-valves C and £,
and the gas will pass down to the bottom of
the dryer, up through the body of lime and
out at the top to the compressor. To pump
out the trap, close the cross-valve C, leaving
the cross-valve £ open, and pump until the
gauge shows a good vacuum; then close the
cross-valve £ and open the straightway valve
D and the plant can be kept in operation while
the dryer is being discharged and replen-
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ished. To discharge the dryer, unbolt the
lower head and swing it around out of the
way, and allow the contents of the shell to
drop out. Then replace the lower head, and
refill the dryer from the upper end.

The angle valve /" answers a double pur-
pose: (1) It can be used as a purger for
blowing off moisture from the bottom of the
trap; (2) the charging connection can be
made to this valve; and when charging the
plant with ammonia, the gas can be passed
directly through the body of the lime or the
caustic soda to the compressor, or it can be
passed through the body of lime or caustic
soda to the expansion coils by making a cross-
connection from the valve G to the expansion
coils.

The majority of the anhydrous ammonia
manufacturers fill their dryers (every one of
them uses a dryer) with lime; a few still use
caustic soda at times, when some crank like
the writer insists on it. The lime is the
safest material for general use, as the caustic
soda is not a pleasant material to get into the
eyes, nostrils and mouth. The caustic soda
should, therefore, if used at all, be used care-
fully, guarding against the dust flying around
promiscuously.

The criticism has been made that were the
dryer filled to the top with burned lime as an
absorbent of moisture, it would gradually as-
sume the condition of a fine powder, occupying
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a much greater volume than the original lime;
and my correspondent says: ‘“Without being
assured to the contrary by one who has prac-
tical experience in the premises, I should ex-
pect that in the course of a little time the dry-
er shell would be completely choked with the
voluminous powder of slaked lime, prevent-
ing practically the passage of ammonia alto-
gether. For this reason I always supposed
that a dryer with burned lime should have a
horizontal position, and that ample space
should be left for the lime to expand and for
the ammonia to pass overhead. Caustic soda
I would expect to behave somewhat differ-
ently. It assumes the condition of a liquid
when it has absorbed a certain amount of
moisture, and in the course of time it would
collect as a liquid on the bottom of the dryer,
and by and by it would overflow into the am-
monia pipe entering at the bottom of the dryer
even if the same projects six inches into the
dryer. These are conjectures based on theo-
retical considerations, and, as I said before,
are probably refuted by practical experience
with the device in question.”

Now as to this, I can say that in the major-
ity of instances my own experience coincides
with the foregoing theory, so far as thelime is
concerned. I have found that the lime will dis-
integrate to a fine powder; but as the lime is
usually put into the dryer in large lumps, not
packed closely, I have never found that the
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powder or lime dust occupied as greata space
in the dryer as the original charge of fresh
lump lime took up. Undoubtedly, as the lime
disintegrates, the powder sifts down to the
lowest point if not obstructed by the trays
recommended in my remarks on the construc-
tion of the apparatus. In a few instances I
have found the powdered lime in more or less
a condition of paste, but I am safe in asserting
that in these instances the plant had become
fouled with moisture or that the dryers were
too small and were operated too long before
recharging with fresh lime.

I am not inclined to favor the writer’s sug-
gestion to make the dryer horizontal instead
of vertical, for the reason that the horizontal
dryer would afford an opportunity for the
lime to settle down on the bottom of the dryer,
creating a space above the body of lime, over
which the ammonia gas could pass without
coming in direct contact with the body of
lime. My preference is to make the dryer
vertical, and either fit it up with the system
of trays containing the lime, or fill the shell
with large lumps of lime and pass the gas
directly through the body of lime, thus bring-
ing all of the gas in direct contact with the
lime, and not depending upon the affinity of
the lime to attract moisture to draw the moist-
ure out of the gas indirectly. I have never
seen a dryer choked with the powdered lime
sufficient to prevent free passage of gas
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through the dryer, but it is possible that
others have met with this condition of af-
fairs.

My experience with caustic soda as an ab-
sorbent has been limited, owing to the fact that
Ifound it a dangerous material to handle, liable
to get into the eyes and cause them to become
badly irritated; and I have had other expe-
riences with it that have caused me to recom-
mend that it be handled with extreme caution.
When the dry dust of caustic soda gets on a
man who is perspiring freely he is forcibly
reminded of the fact that he has some busi-
ness of importance to transact elsewhere, and
if the dust happens to wander up the leg of
his trousers, that business assumes an en-
tirely personal nature and demands his imme-
diate and undivided attention.

I have never seen caustic soda assume the
liquid state, probably because I have never
seen it used in a plant sufficiently permeated
with moisture to bring about such a condition.
I have seen it discharged from a dryer ina
more or less pasty condition, and have also
seen (and felt) it when it came out dry and
dusty. If it will assume the liquid state, I
would by all means advise the user to leave it
in the dryer until it liquefies, and then purge
it off from time to time as the liquid accumu-
lates in the bottom of the dryer, as Iam sure
that the liquid would be a much easier com-
modity to dispose of than the dust has proven
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to be. That caustic soda is a good material
to extract the moisture from ammonia gas has
been demonstrated to my entire satisfaction,
but I most emphatically recommend the users
to exercise care in handling the stuff.

The dryer, judiciously used, will remove
any moisture from the ammonia in a plant,
whether the moisture got there with the ini-
tial charge or was due to carelessness of the
engincer. You are aware that if you put a
cylinder of ammonia into a plant without test-
ing it and satisfying yourself that it is all
right, you cannot fairly claim that its faults,
if you find it faulty later om, are due to the
original quality of the ammonia, and ask the
manufacturer to make itgood. You find after
a time that your ammonia does not work ex-
actly right; it doesn’t seem to respond to
your requirements. You sit down and write
to the manufacturer, and lose valuable time
trying to convince him that it is all his fault.
Don’t do it. You are the best man on earth
to help yourself out of a scrape. If .you are
“in the hole” (an expression coined particu-
larly for ice machine operatives with a bad
charge in a plant) go to work yourself to get
out, and the chances are ten to one that you
will smile before you could have got an an-
swer to your kick to the ammonia manufact-
urer.

When there is anything wrong with a plant,
thereisareason forit. Find that reason your-
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self, and you will be in a position torectify the
wrong and guard against its recurrence. If
you happen to get left on a purchase, don’t
“holler ” and advertise yourself a ‘sucker.”
Get all you can out of your purchase, and
charge the balance to profit and loss; and re-
member the offspring of Satan who dared to
““do” an ice machine man. Put up a dryer of
your own, and it will pay you its cost many
times over, if you get caught in hot weather.
A friend of mine acted on this same sugges-
tion some time since, and he took one hundred
and twenty pounds of useless moisture out of
a large plant in a very short time (he weighed
his lime in and out of the dryer); and he
wouldn’t be without a dryer again, no matter
where he got his ammonia. He doesn’t claim
that the moisture went into the plant with the
ammonia, either. Some manufacturers claim
to make their ammonia 99%% per cent anhy-
drous. Give us a first-class dryer, and work
the ammonia through it often enough, and we
will hunt out that 1} per cent of moisture be-
fore many moons. But the other fellow, who
doesn’t make better than 90 to 95 per cent
pure goods, and claims 110 per cent pure, and
the careless engineer, who pumps a vacuum
on a leaky joint under water and sucks his
system full of moisture, are the fellows whom
the dryer will tell the toughest tales on and
whose evils it will correct more economically
to the owner of the plant than is possible by
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the means of the only other alternative in such
emergencies, viz., the purge valve, the sewer
and a fresh charge of ammonia. I’ve ‘been
there,” and there’s many another who could
voice the same sentiments if called upon to
confess.

The honest ammonia manufacturer will
join me in recommending a dryer on every ice
making and refrigerating plant in the coun-
try. It would cut down their troubles to a
minimum in the line of answering many un-
reasonable kicks. The majority of them are
anxious to furnish a good article, and would
gladly welcome any device that will expose
the shark in the trade, be he the unprincipled
manufacturer or the careless engineer.

I have gone to greater length than I had
intended in the treatment of the two details
recommended, but I feel warranted in this,
if by doing so I can accomplish my purpose
in assisting my fellow-sufferer out of the rut
that prejudice and penuriousness (of some
manufacturers) would force and hold him in.



CHAPTER VL
THE COMPRESSOR SIDE.

O resume mytheme where it was dropped
in Chapter IV, I find the next step to be
taken will lead to the suction pipe to the am-
monia compressor. Of this connection there
is little necessary to be said further than to
admonish my reader to have the suction con-
nection large—as large as possible; never less
than 25 per cent of the diameter of the com-
pressor, and as much larger as convenience
of connections will permit. The object of the
suction pipe is to convey to the compressor
from the evaporating and expansion surfaces
the spent gas by the shortest and easiest route
and to deliver the same to the compressor at
as near the pressure obtaining in the coils’as
possible. In all my experience with this class
of machinery, I have never seena suction pipe
that was, in my opinion, too large; on the other
hand, I have met with many that were far too
small for practical results, and were in conse-
quence retarding the economical action of the
compressor.
A correctly designed and constructed com-
pressor will discharge readily all of the gas

@)
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that can be crowded into it, and as the results
depend entirely upon the amount of gas han-
dled by the compressor (suitable evaporating
and expanding surfaces being assumed), it
would appear to be policy to make the delivery
of the gas to the compressor as free and easy
as possible; especially so when it is taken into
consideration that we have not got high press-
ure on the expansion, or suction, side to assist
in filling the compressor rapidly and fully, and
also that in most cases we have to overcome
the tension of a suction valve spring before the
compressor will begin to fill. The suction
pipe and the suction valve should, therefore,
be given as much area as possible.

Now we arrive at the compressor—the
lungs of our circulating system, the vital force
on which the utility of our plant depends, the
one part of a plant on which there is, unfortu-

.nately, more variance of opinion among the
authorities than on all other details of a plant
combined.

" Ammonia compressors may be divided into
two classes: single-acting and double-acting.
These classes subdivide into two forms: hori-
zontal and vertical. All ammonia compres-
sors, including the compounds, are covered in
the above classifications. In the selection of
an ammonia compressor, dollars and cents (in
first cost) should be given but secondary con-
sideration as compared with utility, economy
and service. In the present field of strife in
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competition, I regret to note that the dollar is
given the entire consideration by both parties
to the deal, and as a result value is, in the
majority of instances, shelved, to be discov-
ered in the later on.

Personally I have long since ceased to pit
the truth against the dollar. There is no
common ground on which the contestants can
meet, and when they do meet truth will pre-
vail and the dollar be a quantity of the past.
Competition has driven every manufacturer
in the country to the dollar side of the ques-
tion, and it is now a matter of ‘ How many
dollars have you got? We’ll cut your garment
accordingly.” (Quotation from a late actual
proposition.)

I recommend you to buy and pay for sin-
gle-acting vertical compressors—single-act-
ing, because two single-acting compressors
will displace more gas than one double-acting
compressor, diameter, stroke and piston speed
being identical in both cases; vertical, because
a vertical compressor is perfectly balanced,
and will outwear any horizontal compressor,
all conditions being equal. The seating of the
valve of a vertical compressor can be made so
that the wear is equal at all points on the valve
and seat; the piston bears equally on all points
of the circumference of the cylinder in a ver-
tical compressor. Weight of piston and rod
causes no unequal bearing. Compressing on
the upper end of the stroke heats only the
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upper end of the cylinder and upper side of
the piston. The space below the piston is
constantly filled and refilled with cool or cold
gas, which assists in maintaining the walls of
the cylinder and the piston reasonably cool.
There is necessity for care in the matter of
clearance only on the upper end of the piston
stroke, and as the wear is necessarily all
down, the clearance in a single-acting vertical
compressor can be safely reduced to the
minimum without fear of knocking out a cylin-
der head. Dry gas or saturated gas can be
handled by a single-acting vertical compres-
sor. Examples of each are in constant opera-
tion right here in Chicago, and can be seen
any time, day or night. No allowance need
be made for piston rod displacement in a sin-
gle-acting compressor, as no compressing of
gas is done in the piston rod (or stuffing box)
end of the compressor. It is only necessary
to pack the stuffing box of a single-acting com-
pressor against the evaporating or expansion
pressure of the ammonia (generally amount-
ing to about 10 per cent to 15 per cent of the
condensing pressure). Lubrication of a verti-
cal compressor is equalall around the cylinder
and piston. In fact, the only objections that
can be offered against the single-acting com-
pressor are first cost and friction of two
pumps as against one when compared with
double-acting compressors; and from cards
in my possession, I feel warranted in the as-
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sertion that the friction argument will not hold
good, as the packing of the stuffing box of a
double-acting compressor, against condensing
pressure (six to ten times the pressure neces-
sary to pack against with a single-acting com-
pressor), will more than counterbalance the
friction of the single-acting compressor.
Twenty years of close observation of
single-acting compressors as against double-
acting compressors is the basis of my opinion
of the question in making a recommendation,
and the twenty-year-old compressors of the
single-acting type are still running. The
double-acting compressor is the father of the
wet, or saturated, gas theory, and the paternity
is due to ‘“making a virtue of necessity.” A
double-acting compressor will not handle dry
gas in competition with a single-acting com-
pressor. c’Freeze up your double-acting com-
pressor asd you will Zeat up your piston and
cylinder to such an extent that the cylinder
will not fill with gas from the expansion coils.
The heat of the cylinder and piston will ex-
pand the gas as it enters the cylinder, exclud-
ing a full charge from entering the cylinder.
Now, I may be wrong, and if I am wrong, I
am open to conviction. I, however, don’t put
any stock in the saturated gas theory. AsI
understand by ‘‘saturated” gas, it is intended
to mean a gas that has not fully performed its
functions before it enters the compressors,
and it is utilized to coo/ the compressors. It can-
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not cool the compressors without expanding;
if it expands in the compressors, it necessarily
excludes a proportionate amount of gas from
entering the compressors at the same tem-
perature and pressure that the gas leaves the
expansion coils. In other words, this process
curtails the capacity of the compressors for
handling gasat the temperature and pressure
it leaves the expansion coils—makes a smaller
compressor, as it were.

The §oil cooling theory inan ammonia com-
pressor is bad enough; this is worse. Again,
T have always been led to believe that the more
the gas was expanded in the expansion coils,
the greater amount of heat it would carry
with it from the tank or chill room, and the
nearer the temperature of the gas equalized
with the temperature of the surrounding brine
or atmosphere, as the case might be, the
nearer would be the approach to absolute per-
fection of duty performed by the evaporation
and expansion of the gas; that the place to
perform the refrigeration was in the expansion
coils and not outside of the tank or chill rooms.

If this theory is correct, thenthe saturated
gas theory is all wrong; and the engineer who
is pumping gas that has not performed its
full functions before it enters the compres-
sors, is doing something for nothing—wasting
energy. Iwould as sooni think of running an
engine with “saturated ” steam as of pump-
ing ‘“saturated ” ammonia gas in a refriger-
ating machine. The economy would be equiv-
alent in either case.



CHAPTER VIL
CONSTRUCTION OF AN AMMONIA COMPRESSOR.

HE construction of an ammonia com-
pressor, whether single or double-act-
ing, should be given serious consideration
from every possible point of view before final
decision is arrived at relative to its propor-
tions and details. The assertion is frequently
made that * the science of refrigeration is en-
tirely covered by the three simple proposi-
tions: Adequate expansion surface, ample
condensing surface, and sufficient compressor
displacement.” For the sake of the argu-
ment, I am willing to grant that these factors
cover the root of the question; yet I must con-
tend that all three factors can be constructed
of ample proportions and still not meet the re-
quircments of practicability and economy.

In my articles on the subjects of pipe sur-
faces and brine tank coils, I have endeavored
to treat the subjects in a manner that would
appeal to the reason of the engineer; and it
shall be my purpose in speaking of the com-
pressor to bring out plainly common sense
ideas, based on experience and thought. I
am no evangelist endc(egzjx)voring to convert the
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world to my way of thinking and believing,
but I have sufficient confidence in the intelli-
gence of the engineering profession to war-
rant me in the assertion that the average en-
gineer will recognize the truth or falsity of a
claim or theory if ke will take time to think over
the proposition.

The purpose of the ammonia compressor
is to take in and discharge as much gas that
has fully performed its function as its maxi-
mum cubical contents would represent. The
engineer who is merely superficial or theo-
retical would be satisfied with a determination
of the area of the cylinder multiplied by the
length of stroke of the piston as a demonstra-
tion of displacement accomplished by the
compressor, possibly with an allowance for
apparent clearance deducted to give his ob-
servations the semblance of accuracy; but the
careful, practical engineer will dive much
deeper and will take into consideration all
surrounding conditions, especially the condi-
tions of practicability, economy of operation
and accessibility of parts, before giving his
opinion of the zaluc of a compressor.

The reader must remember that compe-
tition has driven the manufacturer into the
position of striving to build his machine at the
least possible cost without detriment to the
materials and workmanship emploved. He
therefore strives to accomplish the greatest
possible displacement of compressor with the
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least possible cost of construction. The re-
sult is the short-stroke, large-diameter pump,
where years ago the long-stroke, small-diame-
ter pump was the accepted practice. Which
is the best pump for the purchaser and the
engineer (granting both to have identical cubi-
cal capacity)? '

The long-stroke, small-diameter pump is
unquestionably the better of the two. Grant-
ing that clearance can be reduced to gs-inch
in either pump (and there are more pumps in
operation that are allowed more than {-inch
clearance than there are pumps working with
a clearance of {g-inch or less), let us make a
comparison of say a 10-inch and a 12-inch-di-
ameter pump, each with a clearance of 35-inch,
on the basis of a stroke for each piston that
would call for an equivalent displacement in
each cylinder, and see where we will come out
on a day’s operation. The 10-inch cylinder
has an area of 78.54 square inches. The 12-
inch pump has an area of 113 square inches.
As the clearance is necessarily at the dis-
charge end of the piston stroke, clearance
must be calculated at ferminal pressure; and
" this terminal pressure must be equalized with
the initial pressure, at least, before the suction
valve will open to admit a fresh supply of gas
at the original initial pressure. 1If we figure
on a basis of 150 pounds absolute terminal
pressure and j-inch clearance to expand
down to an initial pressure of say twenty
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pounds, theoretically when the piston receded
from the head double the distance, or to {%-
inch from the head, the pressure would be
one-half of 150 pounds, or seventy-five pounds;
when the piston reached }4-inch from the head,
the pressure would be one-half of seventy-five
pounds, or 37.5 pounds. Again, doubling the
distance of travel of the piston from the head,
we find that the pressure of the gas at }{-inch
clearance would be 18.75 pounds, or about the
point where the suction valve might be ex-
pected toopen to receive a fresh supply of gas.
Our supposed j4-inch clearance is therefore
actually ¥ -inch clearance when calculated on
the basis of initial pressure; and in calculat-
ing the capacity of an ammonia pump, initial
pressure is the factor to be considered.

Now for our comparison. Qur 10-inch
pump, with an area of 78.54 square inches and
a terminal clearance of y5-inch, or an initial
clearance of !4-inch, loses one-fourth of 78.54
cubic inches, or 19.63 cubic inches of dis-
placement for each stroke. Under precisely
similar conditions the 12-inch pump would
lose one-fourth of 113 cubic inches, or 28.25
cubic inches of displacement per stroke—a
difference in favor of the small diameter
pump of 8.62 cubic inches, or nearly 50 per
cent greater loss for the large-diameter pump.
Figuring each pump at sixty strokes per min-
ute for twenty-four hours per day, we find
the difference in favor of the small-diameter
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pump to be represented by the following, viz.:
8.62 X 60 X 60 X 24 =744.768 cubic inches of
displacement, and this on one single-acting
compressor working at the minimum of clear-
ance. With two compressors (or one double-
acting compressor), the total would be double
the displacement above given; and as the act-
ual clearance is often double that given as the
basis of the calculation, it is apparent that the
economy is with the small-diameter and long-
stroke compressor, and against the large-di-
ameter and short-stroke compressor.

The only disad vantage that can be claimed
against small-diameter compressors is that
they do not offer as easy facility for locating
large area of valves as do the larger-diameter
compressors, but it is only necessary to give
consideration to this feature in the smaller
sizes of compressors, as the larger sizes af-
ford ample room for locating suitable valves
in the heads.

The long-stroke compressor also covers a
feature of desirable mechanical action that
should recommend it to every engineer, viz.:
Maximum piston speed at minimum revolu-
tions of the crank shaft. KEvery thoughtful
engineer recognizes that the principal factor
of wear and tear on an engine or compressor
is the dead point or point of change in the pis-
ton stroke, and the practical engineer gives
the preference to the engine or compressor
that accomplishes the maximum of piston
speed at the minimum of change points.
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Some manufacturers of ammonia compres-
sors have designed pistons for compressors
of conical or spherical form, probably to facili-
tate placing the valves in the compressor
heads to advantage. This practice 7ncreases
clearance area, and is therefore undesirable.
Show the practical engineer a way to decrease
clearance area below the actual area of the
bore of the cylinder, and he will adopt the
idea suggested; but a practical engineer will
never favor Zucreasing clearance area.

Other manufacturers recommend the in-
jection of a limited amount of oil at each stroke
of the piston ‘‘ to do away with the clearance.”
The practical engineer 4zows this to be wrong,
both in theory and practice. One of the laws
of physics, taught in every primary school, is
‘““that no two things can occupy the same
space at the same time.”” On this basisevery
particle of oil injected into an ammonia com-
pressor must necessarily exclude an equival-
ent particle of ammonia gas from entering the
compressor, and the result is the conversion
of a gas pump to an oil pump in exact propor-
tion to the amount of oil injected. The en-
gineer who has made close observations also
knows that under compression oil will take up
a considerable amount of ammonia gas, and
when relieved of its pressure will again give
off the gas rapidly. All compressorsarranged
to operate on the oil injection principle are
constructed with generous clearances between

\
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the piston and the heads. It would be dan-
gerous to run them with the clearance re-
duced to a minimum, for the reason that no
gas pump is designed with discharge-valve
areas as large as those provided on pumps de-
signed for pumping liquids, and without free
discharge areas a liquid pump would be liable
to knock out a head.

Liquids are not elastic; gases are elastic.
When the piston of an ammonia compressor
recedes from the head, if the clearance space
be occupied by oil charged with ammonia gas,
the instant the oil is released from pressure,
that instant the oil will begin to give off the
gas and the gas will begin to expand and ex-
clude a proportionate amount of initial press-
ure .gas from entering the cylinder. Given

. one compressor working without oil injection
with the piston set to the minimum of safe
clearance, and another compressor of exactly
equivalent displacement working with oil in-
jection, with the piston set at the clearance
required for oil injection, both working at the
same piston speed on the same size of ice
making apparatus, and I’ll stake my reputa-
tion that the scales will render a verdict in
favor of no oil injection. And when the test
of equivalent piston speed is decided, the no-
oil-injection compressor can safely be speeded
up from 20 to 25 per cent beyond the safe
speed of the oil-injection compressor ; and the
verdict of scales will then forever damn oilin-
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jection in an ammonia compressor. I believe
in" rational lubrication of compressors, but I
reprehend overdoing the lubrication, and that
is all “‘oil injection ”’ amounts to.

The oil injection is sometimes called “oil
sealing,” to cover up its iniquity with a cloak
of virtue. Any compressor that needs a flood
of oil at each stroke to conceal its imperfec-
tions belongs in the scrap pile, and should be
promptly replaced with a first-class gas pump.
Put your oil pump in a pipe line and get an
ammonia pump.

The piston of an ammonia compressor
should be made so as to afford a good, broad
bearing on the walls of the compressor. It
should be turned an easy and yeta reasonably
close fit to the cylinder, and be fitted with at
least two snap rings, with a shoulder between
the ring grooves. The rings should be turned
larger in diameter than the bore of the cylin-
der, and then cut zig-zag, so as to make a lap
joint where cut; then clamped at the joint
so as to spring in nearly to the diameter of
the cylinder, and should then be turned on
the outside to the exact bore of the cylinder.
Such rings when in place in the cylinder will
spring out and hold - close to the walls of
the cylinder, and with slight lubrication will
run easy and prevent leakage by the piston,
at the same time reducing the wear to the
minimum and requiring absolutely no adjust-
ment.
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Piston rods should be as large as conven-
ience of the stuffing box will permit, and par-
allel all around. It is not absolutely necessary
that a piston rod should be round. It /s neces-
sary that it should be straight and parallel on
its surface, otherwise it will drag on the pack-
ing and leak through the stuffing box in spite of
the greatest care and watching. Oval rods, if
parallel, will work better than round rods
when tapering or fluted.

If you have a good compressor, you can
safely set the piston flush with the end of the
cylinder, using a straight edge across the cyl-
inder and screwing thc piston out until it
touches the straight edge. Then {%-inch of
packing between the cylinder and the head,
with the head drawn home firm on the studs,
will compress the packing until the clearance
is about j55-inch, which is getting it down fine.

Stuffing boxes need be no longer for am-
monia gas than for a steam engine. With good
rods and any first-class soft packing, or the
better class of elastic-backed metallic pack-
ings, there is no reason why the stuffing box
of a single-acting ammonia compressor should
not be easily kept perfectly tight and free
from leakage. With double-acting compres-
sors, it is the practice to use double stuffing
boxes, with an inside and an outside packing
space and an oil circulating chamber between
the two packings, through which a constant
circulation of oil is pumped or run by press-
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ure and gravity device. The oil is to keep the
packing soft and prevent its heating the rod.
The oil is also utilized, at times, to conceal the
ammonia leakage from the inside stuffing box
and carry the gas over to an oil cooler, which,
by the way, is more of an ornament than a
necessity in connection with an ammonia com-
pressor; but it covers up the smell of escaping
gas, and I shouldn’t be surprised if that is all
it was ever intended to accomplish.

Water jackets should be used on all com-
pressors, whether single or double-acting, wet
or dry compression. Any heat of compres-
sion that can be disposed of through the cylin-
der by means of a water jacket is surely more
economical than to try to dispose of it at the
expense of the capacity of the compressor, and
every other means of disposing of this heat at
the compressor is at the expense of compres-
sor capacity.

Valve areas in an ammonia compressor
should be at least equal to the area of the suc-
tion and discharge pipes. The valves should
seat flush with the heads so as to leave no clear-
ance spaces around the valve chambers. Clear-
ance is what counts to the detriment of anam-
monia compressor, whether it be produced by
imperfect setting of the piston, by the space
occupied by the piston rod (in double-acting
compressors), or the unoccupied space around
valve seats. The main factor in the construc-
tion of an ammonia compressor s fo reduce the



AND REFRIGERATING. 93

clearance to a’minimum, and when so reduced,
use the compressor to pump the refrigerating
agent, not wind, oil or anything else. Heat is
what you are trying to dispose of. Get all the
heat you possibly can carry with ammonia gas
into the compressor, and aim to discharge all
the heat you possibly can from the compres-
sor. The ammonia gas is but the vehicle for
carrying the heat. The compressor is but
the power for moving the vehicle along.
Construct your compressors with a stroke
at least two and one-half times (three times
would be better) the diameter of the bore;
give the piston ample bearing in the cylinder,
and good wide snap rings; reduce clearance
to a minimum; give ample suction and dis-
charge area ; use water jackets, and pump gas.



CHAPTER VIIL
OIL INJECTION.

HEN treating this subject originally

in /Jec and Refrigeration, 1 was con-
fronted by the following interrogatories by
C. A. Lozano, M.E., a gentleman of learning
and experience in the science of refrigeration,
which, for the sake of completeness, I intro-
duce here. Mr. Lozano said:

“1. Don’t you know it to be a fact that oil
is injected into ammonia compressors during
the compression period, after the cylinder is
fully charged, when the oil does not occupy
any space to the exclusion of gas?

2. Do you know how much ammonia gas
at ordinary compressor temperatures and
pressures will be given off by unit volume of
the oil, before and during the period of suction?

“3. Whatis to hinder any competent engi-
neer, having a well made compressor,arranged
to operate on the oil injection principle, from
running such compressor safely with the
clearance between the piston and the heads
reduced to ;4-inch and less?

“4. Is it not a fact that there are in opera-

tion hundreds of double-acting ammonia com-
(84)
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pressors cooled internally by oil injection, and
which, contrary to what ‘The Boy’ asserts
to be ‘the practice,’ neither need nor have
“double stuffing-boxes?

“5.  Arethere noeducated, competent ma-
chine designers, no competent mechanics,
engaged in the manufacture of double-acting
ammonia compressors cooled internally by
injection of oil during the period of com-
pression?”

At the risk of repeating something that
has been before said, in the interest of further
clearness, I here take up the questions in their
order:

1. I do know it to be a fact that oil is in-
jected into ammonia compressors during the
compression period, but I take issue with the
gentleman on the hypothesis of the balance
of his question, viz., ‘*“ After the cylinder is
fully charged, when the oil does not occupy
any space to the exclusion of gas.”

He certainly does not claim that the oil is
discharged with the gas from the cylinder at
the same stroke when the injection occurs.
He will, no doubt, admit that such portion of
the oil as may be necessary to entirely fill up
the clearance spaces will remain in the cylin-
der after the completion of the compression,
regardless of the position of the piston at the
time the injection is admitted to the cylinder.

I do not know of any process that would
expose the oil to more complete permeation of
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gas than is secured by the injection of the oil
into the cylinder ‘‘during the compression
period ”’; and if the oil that remains in the
cylinder after the compression is completed
is so permeated with gas at terminal pressure,
I contend that the remaining oil will give off
the gas and the gas will expand down to initial
pressure before the suction valve will open to
receive more gas into the cylinder on the suc-
tion stroke of the piston. It strikes the writer
that it is a matter of very little consequence to
the results when the injection occurs; the oil
will be there beyond the completion of the
compression, and the oil will contain as much
gas at terminal pressure as it is capable of
carrying, and that gas must expand down to
initial pressure before fresk gas will be ad-
mitted to the cylinder. If this does not act
to the exclusion of an equivalent amount of
fresh initial pressure gas, the writer will back
down from his position.

2. I do not Anow positively ‘‘how much
ammonia gas, at ordinary compressor tem-
peratures and pressures, will be given off by
a unit volume of oil before and during the
period of suction.”

I have tried several times to demonstrate
this proposition, but I must confess that my
efforts were not crowned with the success I
bad anticipated ; for the reason that so far I
have only succeeded in securing foam from a
compressor, at the terminal pressure, instead
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of ““a unit volume of 0il.”” The stuff seemsto
churn up too much to admit of getting it out
in its normal condition. My inquisitor, and
any other experienced engineer in the busi-
ness, will appreciate the difficulties to be sur-
mounted in order toestablish toa positive cer-
tainty the exact relationship between the gas
and thie oil within the compressor.

I have, however, secured samples of oil
from the high pressure side of a plant, and
made some (to me) interesting experiments
-with the same. Ifind that all oils do not act
alike under high pressures of ammonia gas,
an experience that has doubtless been reached
by others; but from my own experiments I
am of the opinion that a given volume of the
average mineral oil will take up at least from
three to four times its volume of ammonia
gas under high pressure. To illustrate: A
given quantity of oil under high pressure was
injected direct from a high pressure oil inter-
ceptor under a piston into a small cylinder,
and when the piston was released, it would
rise to from three to four times the height
occupied by the oil, the reverse side of the
piston when released having merely atmos-
pheric pressure on it. These experiments
cannot, of course, be taken as a criterion of
the conditions existing within the compressor,
as under the conditions mentioned the oil was
not in the same condition it would necessarily
be in when in the compressor. The experi-



98 PRACTICAL ICE MAKING

ments, however, demonstrate that the oil will
take up a considerable quantity of gas, and
that it will again give off the gas immediately
on being released from pressure. Every ice
machine engineer knows the condition of oil
purged froma high pressure interceptor—how
it will come out foaming and will fill a bucket
to the top and give off gas until it finally
settles down to a comparatively small volume.
This fact alone demonstrates the claim that oil
will take up gas under high pressure.

3. 'The hindrance a ‘“competent engineer,
having a well made compressor arranged to
operate on the oil injection principle,” seems
to have ‘from running such compressor
safely with the clearance between the piston
and the heads reduced to one-sixteenth inch
and less,” would appear to be his desire to
keep his machine in running order and hold
his job.

Not long since I stood by while an erecting
engineer, whom I know to be competent, was
instructing a new man, and a good one too, in
the art of operating an oil injection compres-
sor. (Iam not yet too old to learn, and, to tell
the truth, I was ‘“rubber-necking.”) I heard
that, “‘Itis best to keep the pistons from three-
sixteenths to one-quarter inch away from the
heads, so as to avoid pounding the bearings.”
I have found pistons in this class of compres-
sors fully three-eighths of an inch away from
the heads, and I have yet to see a single in-
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stance where the pistons were set within one-
sixteenth of an inch from the heads in a com-
pressor operating with oil injection.

A friend of mine a short time since tried
oil injection in a compressor that was working
close. He swore. Igotan order for a large
pump head. It’s all right now, without ‘in-
jection.”

A prominent engineer, operating one of the
largest refrigerating plants in the United
States, who has under his charge both double-
acting oil injection compressors and single-
acting compressors without the oil injection,
tells me that he ‘““cannot run the oil injection
compressors safely up to the piston speed at
which he runs the other compressors; that
the oil injection system is a source of constant
annoyance to him, in that the oil carries minute
particles of grit and scale over to the valves
in spite of the most careful filtering and strain-
ing of the oil, resulting in the necessity of re-
grinding the valves three or four times in a
season ; and that the evaporating surfaces be-
come contaminated with oil in spite of his most
careful efforts to prevent the oil from working
over; 7n fine, that he can discover no advan-
tage from the injection of oil into ammonia
compressors—rather a detriment than an
advantage.”

4. Itisa fact that there are a large num-
ber of double-acting ammonia compressors,
both with and without oil injection, working
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with single stutling boxes on the piston rods.
There are, however, vastly larger numbers
working without oil injection and with double
stuffing boxes, and more of them are being
built right along.

I have noapologies to offer for having made
use of the term ‘‘ practice ” in this connection.
Webster defines ‘practice” as ‘‘customary
use, habit.” The single stuffing box on the
double-acting ammonia compressor is not
‘“ practice,” nor has it been for many years.

5. There may be ‘“educated, competent
machine designers and competent mechanics
engaged in the manufacture of double-acting
ammonia compressors, cooled internally by
injection of oil during the period of compres-
sion,” but compared with the number of com-
petent machine designers and competent me-
chanics in the ice machine businesswhoare not
engaged in building ‘‘oil pumps,” their num-
ber is so small that it is not to be wondered at
when they get lost in the shuffle. We hear of
them sometimes, but more often we don’t; and
later on we won’t.

That Iadvocate ¢ the vertical, single-acting
compressor, cooled externally by water jacket-
ing, pumping gas.superheated to the highest
temperature (if it can be called properly
superheating) consistent with the degree of
cooling to be done,” /s a fect, as Mr. Lozano
intimated elsewhere in his correspondence,
and I do it consistently. I will bank on that
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theory until I have seen it demonstrated that
it is wrong. Ilearned it from better men in
the business than any “oil pump ” manufact-
urers, and it has stood the test of years of
actual practice in the art. Many expert tests
covering the widest range of conditions have
been made by entirely disinterested experts
on this design of compressor, and their reports
have never been questioned, nor have equival-
ent results ever been reached with any other
ammonia compressor.

These replies to the above interrogatories
brought forth from Mr. Lozano the following
remarks, which I have deemed best toincorpo-
rate here, as well as a further communication
upon the same topic by Mr. Walter K. Edgar,
an experienced and intelligent practical re-
frigerating machine engineer, both of whom
have presented ideas worthy of the reader’s
consideration. Mr. Lozano,in substance,says:

“I have no interest whatever in common
with any concern manufacturing oil-injected
compressors, and I donotadvocate oil injection
or any other refrigerating machine nostrum;
but I am conversant with all the practical
advantages and drawbacks of oil injection in
ammonia compressors, by dint of hard and
long experience, and I assert nothing but
what can easily be confirmed by plain facts if
need be.

“1. *“The Boy’ admits that he knows that
oil is injected into ammonia compressors dur-
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ing the compression period. That admission
contradicts his former assertion, that every
particle of oil injected into an ammonia com-
pressor must necessarily exclude an equiva-
lent particle of ammonia gas from entering
the compressor. Of course, the oil is dis-
charged with the gas from the cylinder at
the same stroke when injection occurs, all
but such portion of the oil as may be neces-
sary to entirely fill the clearance spaces; and
if that portion contains ammonia gas under
' discharge pressure, some of that gas may
re-expand before and during the following
suction period and act to the exclusion of
fresh initial pressure gas; and if so, we should
be able to see it in the indicator cards of the
compressor.

¢2. That the amount of gas given off by
unit volume of oil beforeand during the period
of suction may be very small, is proven by
the indicator cards taken at the ordinary tem-
peratures and pressures and under the con-
ditions recommended by those who know how
to handle oil-injected compressors to best ad-
vantage. Any number of such cards may be
taken, in which even with a good magnifying
glass one cannot discern any trace of re-ex-
pansion.

“3, If ‘The Boy’ wishes to see oil-in-
jected compressors running safely with the
clearance between the piston and the head
reduced to one-sixteenth of an inch and less, I
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shall be pleased to provide him with an intro-
duction to parties who can show him a few.

“4, Quite right; but the fact is, never-
theless, that there are in operation hundreds
of double-acting, oil-injected ammonia com-
pressors which neither need nor have double
stuffing boxes, although a well made double
stuffing box is no detriment.

“J admit that oil injection in ammonia com-
pressors, except at the rate of a few drops of
oil per minute for lubrication only, is doomed
to extinction; but I contend that the draw-
backs of oil injection are different from any-
thing which one would naturally infer from
‘The Boy’s’ teaching. They are these: The
sudden impact of the oil against the cylinder
head and its sudden reaction against the
piston at the end of every stroke, resulting in
unnecessary stresses inevitably transmitted
all the way down tothe main bearings, making
it very difficult, if not impossible, to operate
an oil-injected machine without pounding and
unnecessarily increasing the wear and tear on
the machine. The frequent, if not general,
troubles with oil going over to the expansion
coils, either by failure of the complicated and
expensive oil separating apparatus or by
_ slight inattention of the operators, which in
the long run is almost inevitable. The fact
that displacement which is near enough to
perfection is easily attainable without oil in-
jection; and the fact that internal cooling of
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an ammonia compressor by oil is little, if any,
better than external cooling by water jacket,
being neither low enough in temperature for
anything approaching maximum efficiency,
nor susceptible of being made lower. At
lower temperatures the absorption of ammo-
nia by the oil and the consequent re-expansion
of ammonia in the cylinder before and dur-
ing the period of suction increase at astonish-
ingly high rates, as the compressor indicator
cards will show. The heavy unnecessary ex-
pense of oil pumps or oil injectors and the
mechanism used for actuating them, and oil
coolers, oil connections, oil piping, oil fittings,
oil cocks, etc., all high priced and calling for
extra work of regulating and care-taking, from
which the user does not derive equivalent
return.”

Mr. Edgar’s views are as follows:

“Mr. C. A. Lozano advances some argu-
ments in reply which should not, in my estima-
tion, be allowed to go unchallenged, although
they are in line with the theories advocated by
a well known refrigerating machine company.
While I have no doubts of ‘The Boy’s’ abilities
to defend the position he has assumed, the
point that I take the liberty of taking exception
to is one that he has only touched in a very
superficial manner. I refer to the probable
amount of re-evaporation of ammonia gas from
the residual oil in the compressor after com-
plete discharge has taken place.
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“In his communication above, Mr. Lozano
apparently lays considerable stress upon his
thorough acquaintance with the evidence fur-
nished by the indicator. Permit me to call
his attention to the fact that some people,
probably as conversant as himself with the in-
dicator, have been most woefully misled by a
false interpretation of the indications fur-
nished by the said indicator; . e., leaky ex-
haust valves of a steam cylinder have before
now been taken as an indication of excessive
cylinder condensation by men who were above
the charge of ignorance.

“Mr. Lozano’s position in stating that the
indicator shows no re-evaporation of ammonia
gas places him in a position subject to the
charge of making the same error. While not
trying to detract from the high position held
by Mr. Lozano in the field of mechanical re-
frigeration, I must be allowed to differ from
his assertion that the indicator would show
any such result. In the first place, gas oc-
cluded in the oil is in a far different condition
than gas compressed to the discharge press-
ure of the machine; compressed gas will un-
doubtedly re-expand as the piston starts on
its return journey to the other end of the
cylinder, and leave a record of its action on
the card. But occluded gas, on the other
hand, will not begin to re-expand until the
pressure has been reduced to an appreciable
extent—an operation that involves the element
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of time, a period of time so short, in a card
like the following, that no impression will be
apparent, viz., time of piston travel from a to
z. (In the sketch the line x z is intended to
represent the time
intervening between
the beginning of the
return stroke and
the opening of the
TS, suctionvalve.) This

€ running sixty revo-

lutions per minute will be equivalent to the
time occupied by the crank in traveling
through not more than 10° of a great circle—
one-thirty-sixth of one second. The amount
of gas released in this time is so small that no
one who is at all acquainted with the subject,
and who has looked at it in this light, would
for an instant expect to find any trace of its
existence on any indicator card, no matter how
sensitive or expensive an instrument was em-
ployed, either with or without a microscope.
Mr. Lozano certainly deserves credit for the
admission that ‘internal cooling of an am-
monia compressor by oil is little, if any, better
than external cooling by water jacket.” It
would certainly be very interesting to some of
us ‘plug-ugly’ engineers if some one who is
fully competent to show up the results of a
test of some oil-injection machines, pumping
wet gas, that I have seen in operation during
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the past year, would publish the results of
such a test and show up the proportions of the
various sources of supply of gas as shown by
the indicator; say the relative amounts sup-
plied by the following: «x v w y, representing
the re-expansion of gas from oil, y w a b, repre-
senting the amount admitted by the suction
valves, and a & ¢ d, representing the gas gen-
erated from the liquid carried into the com-
pressor by the incoming gas. I feel safe in
asserting that the results would probably be
a surprise to the builders of the machines
subjected to such a test, yet the machines
were run in accordance with the directions of
the erecting engineers as understood by the
engineers in charge.

“Undoubtedly the greatest loss occurs
during the time that the suction valves are
admitting the charge to the compressing cyl-
inder. All or nearly all of the liquid entering
the cylinder is evaporated upon coming in
contact with the warmer walls of the cylinder
and surface of the piston; each volume of gas
so generated, while performing the duty of
cooling the compressor, excludesalike volume
of gas that has done useful work in the evapo-
rating side of the machine, thereby reducing
the capacity of the machine as a whole, but
not reducing the power required to drive the
compressor in anything like a corresponding
amount. The action of an oil-injection ma-
chine is very similar, with the single excep-
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tion that a cubic inch of gas expanding from
the oil does not absorb as much heat as the
same amount of gas expanding from liquid
ammonia, and therefore does less in the way
of cooling the cylinder than the wet gas alone,
although as much power is consumed to com-
press the gas in one case as the other.”



CHAPTER IX.
SUGGESTIONS TO ENGINEERS.

HAVE thus far not given any rule or
formula for figuring the capacity of an
ammonia compressor for ice making or for
refrigeration on the basis of compressor dis-
placement; and it has been suggested that
such a rule would be appreciated.

For upwards of fifteen years past I have
been in the habit of applying for convenience
a rule whichIam inclined to believe my friend,
Prof. Siebel, will immediately classify under
his index heading (to *““ Compend of Mechani-
cal Refrigeration’) of ‘“Rules of Thumb”;
but as the rule was the result of careful obser-
vation, and as it has stood the test of practice
for many years, I do not hesitate to assert that
it is a safe one. I give it inthe language of an
old memorandum, just as noted down years
ago, viz.:

“ Four cubic feet, or 7,000 cubic inches, of
compressor displacement per minute equals
one ton of refrigerating capacity. Seven cubic
feet, or 12,000 cubic inches, of compressor dis-
placement per minute equals one ton of ice

making capacity.”
(109)



110 PRACTICAL ICE MAKING

I recognize that there is a discrepancy be-
tween the values of the figures in the rules
above given. Itis small, however; and after
checking up the rule by the results of many
tests and the actual daily performance of
many compressors working under varied con-
ditions of pressures and temperatures, for
both ice making and refrigerating purposes, I
feel warranted in recommending the rule as
convenient and safe in practice.

It may not be amiss to sandwich a few sug-
gestions to the engineer in this article, while
treating on the compressor subject. Every
engineer should keep himself posted as to the
exact clearance existing between the piston
and the head or heads of his compressor. A
convenient way to secure this information is
to remove one of the valves from the compres-
sor head and insert a piece of wire solder or
soft sheet lead through the valve chamber
into the cylinder and pinch the machine over
until the piston of the compressor will squeeze
the lead against the head. When the lead is
withdrawn the exact clearance will be at once
apparent, and can be measured on the lead.
This method is quick and convenient, and is
a help in equalizing the clearances at both
ends of a double-acting compressor. Try it
on your compressor, and regulate your clear-
ances accordingly.

If you are troubled with your valves stick-
ing in the compressor heads, it is generally
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due 1o the lead gaskets pressing out against
the heads and against the valve cages. A slight
taper of the gasket seats on the cages, taper-
ing the cage inward, will prevent this trouble,
if the gaskets are properly trimmed before |
being put into the pump head.

If your valves pound, it is due to too much
lift. Puta stiffer spring or a cushion spring
that will prevent the valve opening beyond
the area of the openings in‘your valve cages.
If you get full area opening of the valve, you
cannot better it by having an excess lift of the
valve. Enough is as good as a feast.

A leaky suction valve is many times the
cause of considerable loss of capacity. It can
be located by heat on the suction connection,
or by the hiss that is ever present when a
valve leaks. If the machine is making too
much noise to allow you to hear the hiss, take
a wire in your teeth and touch the end of the
wire to the valve cap, and you will have no
trouble in locating the leak. A leaky discharge
valve is as bad as a leaky suction valve, and it
is harder to locate. The gas leaks down into
the cylinder, and does not show itself by ad-
ditional heat, nor is the hiss so easily dis-
covered. You should have a duplicate set of
valves on hand always in prime condition, and
at convenient intervals change the valves in
the compressor so that you may examine the
valves at your leisure, and keep them in per-
fect condition. :
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Never allow a shoulder to remain in your
cylinders. If the piston rings have formed
a shoulder in the cylinder at the end of the
stroke, file or scrape it out as soon as you
discover it, and ascertain that your piston rod
stands central in the guides at all points of the
stroke. If the crosshead isgibbed out of line,
it will throw the rod over, and is liable to
make a shoulder in the cylinder through the
piston’s rocking. Remove the shoulder or you
will have trouble later on, when you attempt
to adjust your piston.

A very little lubrication will keep an am-
monia compressor in good condition. Two or
three drops of West Virginia oil per minute
will answer for the largest vertical com-
pressor, provided the cylinder is well oiled
before starting up. Horizontal compressors,
with oil circulation in the stuffing box, will
take in sufficient oil to keep them well lubri-
cated on the lower side of the cylinder through
the stuffing box. The writer never saw a
horizontal compressor opened up that was not
dry on the upper side of the cylinder. You’d
have to fill the cylinder with oil to wet a hori-
zontal compressor on the upper side. Too
much oil causes trouble in the apparatus out-
side of the compressor. Use enough for lu-
brication, but use it with discretion.

Use as little black oil as possible when
testing your apparatus with air pressure. If
you can get glycerine handy, don’t use any
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black oil under such circumstances. I have
never known of an oil explosion in a plant
that was charged with ammonia, but I have
vivid recollections of several oil explosions
when testing with air pressure; and as a
choice between an oil explosion and a gun-
powder explosion, I would prefer to be pres-
ent at the latter. The natural mineral oils
under high pressure and high temperature
will produce a gas that is wonderfully quick
and powerful. Its flash test is usually low,
and when it flashes there is no time left for a
man to dodge.

Never pump a vacuum on an ammonia sys-
tem unless it is absolutely necessary to repair
a leak, or for similar purposes. ‘ Nature
abhors a vacuum,” and the tendency of a
vacuum is to suck air into your plant. Keep
the air out; it will not do you any good in your
ammoniasystem. Pump to zero on the gauge,
no lower.

The presence of weak liquor in the bottom
of a single-acting compressor below the piston
is sometimes the source of a great deal of an-
noyance. The packing in the stuffing boxes
cannot be kept in good condition if the com-
pressor contains weak liquor; the liquor will
run down the rods and stink, and if the en-
gineer tightens up the stuffing boxes, the rods
will heat. The same conditions occur with
double-acting vertical compressors at times;
and when such conditions exist, there is
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trouble for the engineer. He must watch the
rods closely or run a chance of having the
rods cut badly. The best way to get rid of
the weak liquor is to take the packing out of
the stuffing boxes and drain the compressors.
If the lower heads are dished and a boss, or
ridge, exists next to the rod to prevent scale
or dirt from lodging against the rod, then the
only sure way of getting rid of the weak liquor
is to take out the piston and sponge the com-
pressor out dry. Weak liquor will seek the
lowest point and will lie in the bottom of the
compressor, below the oil, if there is oil in the
compressor, and it is one of the meanest evils
an engineer has to contend with.

If you are operating a double-acting com-
pressor, to do good work you must freeze over
to the compressor. Without the compressor
frosted, the cylinder and piston will get too hot
to accomplish good results, and you are liable
toburn out the packing. The wet compression °
seems to be the only practical way of oper-
ating a double-acting compressor. If you are
operating a single-acting compressor do not
freeze over to the compressor. You will do
better work with dry compression in a single-
acting compressor than it is possible to do
with any other system of operating an am-
monia compressor. If you freeze over to a
single-acting compressor, you will freeze up
the packing in your stuffing boxes, and you
must in consequence watch the rods closely
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or you will have trouble. When operating with
wet compression, your discharge pipe should
never be extremely hot, while, if youare oper-
ating with dry compression, your discharge
pipe will get hot enough to burn your hand
if held upon the pipe. There is more heat in
the gas with dry compression than there is
with wet compression, which fully explains
the difference in temperature of the discharge
pipe under the two conditions of operation.

If your cylinders are cut, you will neces-
sarily have leakage of gas by the pistons,
which means loss of capacity. Some manu-

-facturers furnish a set of soft metal rings to
be used when the cylinders are cut or scored.
The soft metal will wear into the grooves and
prevent, to a certain extent, the leakage of
gas by the pistons. The soft rings, however,
should not be used excepting when the cyl-
inder is cut, as the soft metal will retain any
dirt or scale that comes in contact with it, and
the result will be the wearing or cutting of the
cylinder a great deal more than with the or-
dinary cast iron rings. The best plan is to
rebore a cut cylinder and fit it with a new set
of cast iron rings as soon as possible after
the cut is discovered.

Test the oil you are using in your com-
pressors by subjecting a sample to low tem-
perature. Partof a bottle of the oil suspended
in the brine in your tank—or, better yet, sur-
rounded by ice and salt—will demonstrate
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whether it will stand alow temperature or not.
If the oil gets thick and gummy and a separa-
tion occurs, leaving a thin, transparent, watery
liquid, in which the body of the oil settles
down and which gives off an odor like benzine,
reject the oil, as it will produce permanent
gases in your plant and give you lots of an-
noyance. If the oil merely thickens a little
without any separation, and it will thin down
again when subjected to higher temperature
without giving off a bad odor, it can be used
with safety. Some engineers test samples of
oil with ammonia gas to determine if the oil
contains animal matter. Animal fats will sa-
ponify when subjected to alkali tests. You
do not need any animal matter in your am-
monia system.



CHAPTER X.
OPERATING INSTRUCTIONS.

OME builders of refrigerating machinery
make it a practice to send out with each
machine a printed pamphlet of instructions to
engineers for the management, or operation, of
that particular machine. Those whodo not do
so assume that the engineer placed in charge
is familiar with their type of machinery, and
needs no special instruction for the handling
of a special make of machine. This, of course,
as arule is true ; but as first-class refrigerat-
ing engineers are not as plenty as blackbirds
in autumn, it occasionally happens that a man
competent to handle a steam engine, but
unfamiliar with refrigerating machinery, is
placed in charge of a plant. Such a man may
fairly ask the maker for his *“book of instruc-
tions,” ‘and be disappointed, without doubt,
when he gets the reply, ‘¢ We regret tosay that
we have no book of instructions.”

A builder of compression machines having
received just such a request, and being com-
pelled to make the above reply, ‘compro-
mised ”’ by sending his client the following,

which I am permitted to reproduce as of
(119



118 PRACTICAL ICE MAKING

interest to engineers of ‘Consolidated ” and -
“Boyle” machines especially, although the
principles are applicable to other types of
compression machines.

In the first place, the writer of these in-
structions advises the reader to obtain and
read all books and periodicals devoted to the
ice making and refrigerating industries, which
will give thelatest and best information on the
subject. The questions are then taken up
and disposed of as follows :

“ Question.—Do you shut off the ammonia
at the receiver when you shut off the engine?

“Answer.—- When shutting downa machine,
close the liquid valve on the brine tank, and
run the machine slowly until you pump the
pressure down to 0° on the gauge. Do not
pump a vacuum, as a vacuum is liable to suck
air into the pumps through the stuffing boxes.
When the gauge shows 0°, there is actually
atmospheric pressure of ammonia in the coils
(14.7 pounds pressure), or, in other words, the
pressure outside and inside is equalized.

“ Question.—Do you start the engine before
opening valve at receiver ?

“ Answer.—Yes ; start the engine slowly,
and before the pumps show a vacuum on coils,
open the regulating valve slightly, and then
speed up the engine until it works automati-
cally ; then open the regulating valve until the
pressure on the low pressure gauge shows,
say fifteen pounds above 0° and keep the
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pressure at that point; or, if you want to run
the machine to full capacity, regulate the pres-
sure until the frost shows on the suction pipe
justabove the brine tank. (Do not carry frost
over to the pumps, or the stuffing boxes will
freeze up and leak, and make you more or less
trouble.)

¢ Question.—In case of leaking in the pipe,
what do you do with the ammonia ?

“ Answer.—The connections are made to
the pumps in such a manner that the large
valves on the suction and discharge pipes
may be closed and the small ¢qualizing valves
opened, and by running the machine slowly
you can pump out the discharge pipe system
into the suction pipe system and lock the am-
monia up in the brine tank coils. In case of
leakage on the suction side, it is only neces-
sary to shut off the liquid valve and pump all
of the ammonia up into the condenser and
lock it in there by shutting the valve on the
top of condenser.

“ Question.—When the ammonia line is
coated with oil, what steps do you take to get
itout?

“ Answer.—If the system gets clogged
with oil, there is only one way to clean it out,
7. e., take all of the coils out of the tanks; blow
them out with dry steam, and afterward with
air to dry out any condensation that may de-
posit in the coils. Clean out the connections
in the same way, and then connect up the coil
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again. A solution of soda ash and water will
also cut the oil out of the coils, butafter using
the soda ash it is necessary to blow out with
steam and air to get rid of the soda ash. A
good, careful engineer will never let his sys-
tem get clogged with oil, as there are provis-
ions made for purging oil from the oil inter-
ceptor, and if this is frequently purged there
will be very little oil carried over into the coils.
A liquid trap on the brine tank will positively
prevent oil from entering the evaporating coils.

* Question.—How do you take ammonia
from the drums of a ¢ Consolidated ' machine?
Do you make a connection to the pumps and
pump through the line to the receiver?

“ Answer.—There is a charging valve put
on the liquid pipe, near the brine tank and
between the regulating valve and evaporating
coils, on every plant ever built by the Consol-
idated company. Connect the drum to the
charging valve with a short piece of pipe; shut
the regulating valve and open the charging
valve wide open; then open the valve on the
drum slightly and run the machine slowly
until you pump a vacuum on the drum; then
shut the charging valve and disconnect the
drum and regulate pressure by the regulating
valve in the same manner as before you put
the new ammonia in. Newver put any ammonia
in a plant until you have tested the ammonia by
drawing a sample out of the drum and sceing
that it will all evaporate and leave no residuc.
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“ Question.—How much pressure is the
most economical on the ammonia line per
square inch ?

“ Answer.—This is a question that would
require further information in relation to sur-
rounding conditions in order to make an intel-
ligent and full answer. Generally speaking,
however, we can say that the low pressure
should be about 10 per cent of the condensing
or high pressure. When you have from 150
to 180 pounds condensing pressure, you can
carry from fifteen to eighteen pounds evap-
orating pressure economically. Pressures,
however, depend entirely upon the tempera-
tures of the matter surrounding the coils.
When the brine is warm, you can carry high
evaporating pressure without frosting back
to the pumps; when the brine is cold, you can
only carry low evaporating pressure without
frosting to the pumps. The frost line show-
ing just outside of the brine tank on the suc-
tion pipeis the very best indicator you can go
by; as you know that when the frost shows
just above the coils, every foot of coil surface
is doing good work; and if you carry the frost
line any further you are doing work that you
get no benefit out from. Do all of the freezing
in the brine tank, and do not waste work by
frosting the suction pipe over to the pumps
and having dripping pipes in the engine room.
The condensing pressure depends upon the
temperature of water used on the condenser.
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Cold water means low condensing pressure,
warm water means high condensing pressure.
The table of pressures and temperatures in
the ‘Compend of Mechanical Refrigeration’
will give you full information on both highand
low pressures.

 Question.— Or any other information -
which I should have?

“ Answer.—Keep your machine and engine
room clean. Keep tab on your temperatures
of brine and condensing water and evaporat-
-ing and condensing pressures. Don’tlet your
machine knock and pound, and don’t key up
until you get hot boxes. Exercise the same
judgment in operating a refrigerating machine
that you would devote to a marine or a Corliss
engine. Cool judgment, or ‘horse sense,’ as
it is usually termed, will locate and correct
any difficulty in a refrigerating plant in short
order. Experience will teach you more than
any living engineer can tell you, and a few
weeks of experience around a refrigerating
plant will enable you to take care of it all right,
if you are a licensed marine engineer.”



CHAPTER XI.
COMPRESSOR EQUIPMENT.

HE connections to the ammonia com-

pressor should be made in such a man-
ner as to enable the heads of the compressor
to be removed without necessitating the break-
ing of the pipe connections. Every engineer
knows that it is advisable to examine the in-
terior of his cylinders frequently; and he ap-
preciates that it is considerable work to dis-
connect pipe joints every time he wishes to
get into the cylinders. Especially is this a
fact when dealing with the larger sizes of com-
pressors and consequent larger sizes of pipe
connections. There is absolutely no reason
why a suction or discharge pipe connection
should be made to the compressor heads. If
the cylinders are properly designed, they will
be provided with suitable ports leading into
the suction and discharge chests or chambers
in the compressor heads, in such a manner
that the heads may be removed without dis-
turbing the pipe connections. The pipe con-
nections should always be made permanent to
the cylinders. Few engines are constructed

nowa-days with the steam and exhaust con-
(123
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nections made to the cylinder heads; and there
is no more reason for making ammonia pipe
connections to cylinder heads than there is for
making steam connections to cylinder heads.
Convenience in getting at the working parts
of ammonia compressors is fully as desirable
as convenience in getting at the working parts
of a steam engine, and it is as practical to
provide for this convenience in one case as it
isin the other; but judging from the examples
of complicated connections to ammonia com-
pressor heads, as illustrated by the average
design at present in use, the fact has escaped
the attention of the manufacturer in the ma-
jority of instances; and it would appear that
the effort has been in the direction of compli-
cating rather than affording convenience and
facility to the engineer. One of these days
the engineer will take it into his head to dic-
tate some practical ideas to the manufacturers,
and when he does there will be some decided
improvements made in many of the present
constructions and connections to ammonia
COmPressors.

Every compressor should be provided with
what is known as ‘‘equalizing, by-pass or
pump-over connections,” which may be de-
scribed as a system of small pipe connections,
provided with suitable valves, for the purpose
of pumping out the main discharge connec-
tions and delivering the gas into the suction-
main connections, enabling the engineer to
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evacuate the entire high pressure side of his
apparatus without reversing the compressor
valves. These connections are also very con-
venient at times when it is necessary for one
man to handle and start up a large machine,
as the pressure can be equalized on both sides
of the compressor piston—a feature that the
engineer will appreciate when it becomes nec-
essary to pinch his engine off the center and
get over to the throttle before the gas in the
compressor cylinders can work the engine
back on the center again. I will venture the
assertion that many an engineer will remem-
ber occasions that have added tallies to his
cuss list when he reads these words. Put on
equalizing connections and quit cussing.
Another desirable feature that is too fre-
quently overlooked in connecting up ammonia
work is the almost absolute necessity for stop
valves—reliable stop valves—at both ends of
every individual part of the apparatus. Show
me a cheap plant and I will point you out a
plant that is “shy” of stop valves; and a
plant that is short of means to cut out any
individual detail will sooner or later bea tribu-
lation to its operator. In the early days the
Texas man was in the habit of carrying a
revolver, not because he was sure to need it,
but if he ever did need it he ‘“needed it bad.”
The stop valve on the ammonia apparatus isa
parallel condition, only that you are sure¢ to
need the valve some day; and if it isn’t there
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you will pay for it three times over before you
are out of the woods.

The usual engine room connections on a
compression plant are: A set of ammonia
gauges, high and low pressure; an oil inter-
cepter or separator; and a liquid receiver.
Some manufacturers also add a low pressure
drip, or oil separator, on the suction side of
the apparatus—a connection more in the line
of ornamentation than of utility; for if the oil
ever works over to the evaporating surfaces,
you might just as well let it pass on to the com-
pressor, if it would ever travel that far under
low temperature, which I doubt. The gauges
are details that should receive careful atten-
tion, for in a great measure you depend upon
them to indicate to you the conditions that
exist inside of your apparatus, and you regu-
late your plant in accordance with the vibra-
tions of the gauges. You should, therefore,
pin your faith only to such instrumentsas you
know to be reliable. Of late there have been
many ammonia gauges offered on the market,
quite a number of which were not at all suit-
able for the purpose for which they were
offered. There are several reliable gauges,
made by old, standard manufacturers, and
you will have to pay those manufacturers a
good price for a good article. Pay it and get
what you want. The low priced article is of
no value to you for any purpose. A

The oil intercepter, or separator, is in-
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tended to arrest any oil that may be carried
over with the gas from the compressor before
it reaches the condenser. It should be made
long—the longer the better. It should be
placed as far away from the compressor as
convenience will allow. Itshould be provided
with means for readily reaching its interior
for cleansing—a removable bottom, flange for
instance ; and it should be purged frequently
and kept as free from oil as possible. A sec-
ond trap, placed below the oil intercepter and
connected to the intercepter with a small
pipe, provided with a suitable shut-off valve
(to be closed only when purging the small
trap), will keep the intercepter clean and pre-
vent the oil from dashing over to the con-
denser if the intercepter is smaller than it
should be. Some manufacturers put a glass
gauge on the oil intercepter to indicate how
much oil the intercepter contains at any given
time. If your engineer allows a sufficient ac-
cumulation of oil in the intercepter to permit
of its being seen through a glass gauge, it is
time you took him out behind the boiler and
talked to him of the error of his ways. No
thorough engineer would allow sufficient oil to
remain in the intercepter to ever show in a
glass gauge. He would blow the oil out of the
intercepter before it could give him away. It
is sometimes desirable to cool an intercepter,
by means of flowing water over it, to assist in
separating the oil from the gas. Thisisagood
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plan where the condensing pressure is ex-
tremely high or where the intercepteris scant
in dimensions. The overflow water from the
condenser can be used for the purpose in
places where fresh water supply is scant.
The liquid receiver is merely a receptacle
to hold the liquid ammonia which flows from
the condenser. It should be made twice as
large as is absolutely necessary to contain the
charge of ammonia requisite for operating the
plant, as one of the most dangerous features
in connection with an ammonia apparatus is a
liquid receiver full of liguid. 1haveattended
the repairing of several plants that had been
overcharged with ammonia liquid, or, in other
words, that had been charged with more liquid
ammonia than the receivers were capable of
storing, and which had been shut down and
the valves on the receivers closed when the re-
ceivers were fu// of liquid. In each instance
the results were similar, the receivers burst
—the last one, a receiver made of 12-inch
pipe, ten feet long, with heavy cast iron heads,
shot through a 24-inch brick wall and made as
clean a hole as could be made with a cannon
ball. The receiver should never be more
than two-thirds full of liquid, and it would be
dangerous to close the valves on a receiver
unless the engineer was absolutely positive
that the receiver was »of flooded with liquid.
Fill a boiler full of water and start a fire under
it, and the boiler will burst. Fill a liquid re-
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ceiver full of cool liquid and shut the valves,
and the heat of the atmosphere will expand
the liquid until the rupture occurs, and the
resulting explosion is something terrific. If
the valve between the receiver and the con-
denser is never closed, this danger isaverted,
as the condenser affords room for the expan-
sion of the liquid ; but if the liquid receiver is
sufficiently large to hold double a reasonable
charge of ammonia for the plant, you can lock
all the ammonia into the receiver with safety.

The purpose of the condenser is indicated
by its name. Itistoconvertagasintoaliquid.
In principle there is nothing new in the con-
struction of ammonia gas condensers. They
are all modifications or adaptations of ideas
that have for years been used in other lines of
mechanics outside of the refrigerating and ice
making field; and it may be said that every
known form of condenser has been experi-
mented with in connection with one or the
other of the refrigerating branches of trade.
That no difference in principle is involved in
the process of condensing ammonia gas from
that of condensing other volatile gases is a
recognized and admitted fact, the only differ-
ence being the physical one of pressure re-
quired for the condensation of various gases
at a given temperature, the principle remain-
ing unchanged, regardless of the physical
difference existing in the nature of the gas.
Temperature and consequent pressure are
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the only factors recognized in the process of
condensation, and these factors must be given
due consideration in the construction of every
condenser, for whatsoever purpose the con-
denser is to be used.

The present practice in the construction
of ammonia condensers can almost be covered
by the use of two well known terms, the ‘“sub-
merged condenser ” and the ‘‘atmospheric
condenser.” The submerged condenser is a
system of coils or tubes entirely submerged
in a tank of water, while the atmospheric con-
denser may be described as a system of coils
or tubes erected in an open space where the
atmosphere can be brought in contact with
the coils, and the water can be trickled or
sprayed over the coils. Theory would say that
where the average temperature of the water
is cooler than the average temperature of the
atmosphere, the submerged condenser would
be the most advisable to use; and where the
average temperature of the atmosphere is
cooler than the average temperature of the
water, the atmospheric condenser should be
given the preference. There are, however,
features outside of the matter of average
temperature which should be given consider-
ation in either case. In theoryand in practice
surrounding conditions must always be given
consideration, and construction should be
adapted to best conform to all surrounding
conditions,
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For a number of years the writer held to
the opinion that the submerged condenser
was the most desirable form of condenser to
be used in connection with an ammonia appa-
ratus, and he has yet to be convinced that the
submerged condenser is the inferior of the
atmospheric condenser, an equivalent surface
being allowed in each instance. The sub-
merged condenser is usually constructed in
such a manner that the discharge gas from
the compressor enters the condensing coils at
their highest point and travels down the coils,
while the condensing water is injected into
the tank at the lowest point. In consequence,
the hottest gas enters the tank at the point
where the water is the warmest,and gradually
traveling down the coils, meets with a counter-
current of cooler water until when liquefied
the ammonia leaves the condenser at the tem-
perature of the water entering the condenser
—a more natural interchange than is possible
toaccomplish with the atmospheric condenser,
for the reason that it is impossible to create
reverse currents as between the gas and the
water in an atmospheric condenser, the water
refusing to accommodate us by climbing up
the coils; and we are, in consequence, com-
pelled to allow it to follow nature’s dictates
and flow down the coils in the same lines that
the gas is following inside the coils. The
liquid from the atmospheric condenser in con-
sequence leaves the condenser at the same
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temperature as the warmest water leaves it,
and the interchange is not so natural or
perfect as in the case of the submerged
condenser.

It is claimed that the atmospheric con-
denser uses less water to accomplish a given
resultthanthe submerged condenser requires.
I do not admit the truth of the claim, nor am I
in a position to positively deny it. I have
never seen a submerged condenser equipped
with anything like the amount of surface that
is allowed per ton of rated capacity for the
atmospheric condenser; and until I am in a
position to test the comparative merits of the
two forms of condensers on a basis of equal
footing for each, I will not condemn * the
little fellow that does good work” (as one of
my old engineer friendsis pleased to describe
his submerged condenser) to the advantage of
the atmospheric condenser.

I am free to admit that with the atmos-
pheric condenser there are features that are
very convenient and desirable. It is easy to
get at the coils to clean them, or to make
repairs, or to stop leaky joints. The coils do
not have to be handled in and out of a tank
when it is necessary to blow them out and
cleanse them internally. If the coils leak, it
is discovered and the leaks can be promptly
repaired. Mud and fungus do not collect on
the coils and raise the condensing pressure,
as is sometimes the case with the submerged
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condenser. Evaporation of condensing water
on the coils may act as an assistant to the
condensing of the gas, and the atmosphere
does undoubtedly help do the work; neverthe-
less, the fact cannot be disposed of that the
construction of the atmospheric condenser
cannot be made as near theoretically correct
as can the submerged condenser. To make
a submerged condenser with exposed surface
as great as is usually allowed for an atmos-
phéric condenser would cost nearly or quite
double the cost of the atmospheric condenser;
and right here is the secret of the favor that
is shown to the atmospheric condenser by the
trade in general at the present time. The
purchaser wants all he can get for his money,
and the contractor wants all the profit he can
get out of his trade; and there you are.

In recommending pipe for condensing sur-
faces I have only to repeat what I have said in
former chapters in these pages: the smaller
the diameter of the pipe used, the more sur-
face will be exposed proportionate to the con-
tents of the pipe. That one statement tells
the whole story of the value of small pipe for
heat transmitting surface. Don’t use large
pipe for heat transmitting surfaces anywhere
about your plant.



CHAPTER XIL
AMMONIA CONDINSERS.

O give my readers some idea of am-

monia condenser construction and the
relative amount of pipe surface exposed per
ton of refrigerating and ice making nominal
capacity, I have prepared some tables * tak-
ing the same from a list of upwards of two
hundred plants in actual operation, manu-
factured by several different machine com-
panies; and in compiling the tables I have
endeavored to give the exact dimensions of all
parts of the condensers. The conclusion to
be derived from an examination of the tables
is, that there is a considerable variation of
opinion existing as to the amount of surface
which should be allowed per ton of duty to be
performed. My own opinion, based upon my
experience in the business, is that the largest
condenser listed in the tables is none toolarge
for economical results; in fact, I have never
seen an ammonia condenser that was, in my
opinion, of greater exposed surface than would
seem desirable. I think I am warranted in
recommending at least 200 feet of 1-inch pipe

* For tables see page 146
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per ton of ice making capacity, or 100 feet of
1-inch pipe per ton of refrigerating capacity,
for submerged ammonia condensers, and 300
feet of 1-inch pipe per ton of ice making capac-
ity, or 150 feet of 1-inch pipe per ton of refrig-
erating capacity, for atmospheric ammonia
condensers; and I would base these recom-
mendations upon the results obtained with
condensers in actual operation on both refrig-
erating and ice making plants. For larger
sizes of pipe, the relative exposed surfaces
should be at least equivalent; and I would feel
inclined to say even more, proportionately as
the volume of the contents of the pipe increases
relative to the surface exposed.

I have seen ammonia condensers made of
nearly every size of pipe from 1-inch to 6-inch,
and of forms and proportions, to say the least,
very peculiar—some submerged condensers
with straight, vertical pipes not exceeding six
feet long, precluding any material travel of
the gas; others, with but one continuous coil,
the same size as the discharge from the com-
pressor, winding to such length that liquid
would form half way up the coil and necessi-
tate draining the liquid down a tortuous path
before it could be released from the condenser.
A happy medium between these two faulty
constructions has been recognized and adopted
by a majority of the builders long since, but
there are still to be found adherents to the
cheap, spiral coil construction.
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Upwards of fifteen yearsagoa Frenchman,
with an eye to utilizing waste material that he
had on hand, converted two old heaters into
an ammonia condenser. He placed one shell
above the other and connected the two to-
gether at both steam and water spaces; he dis-
charged the ammonia gas in the space around
the tubes in the upper shell, and fed the con-
densing water through the tubes, the water
entering the lower shell first and then passing
up through and overflowing from the upper
shell. The tubes were expanded and beaded
into the heads in the ordinary manner, and
they leaked more or less (considerably more
than less); but the old ‘“Frank’’ managed to
pull through one season and made some money
with a plant that had been a “Jonah’ toevery
one who had touched it before that. The old
man was a mechanic from hat to shoes. He
recognized the principle involved, and when
he did not have money to get such a condenser
as he wanted, he used what he had at hand and
made it answer his purpose. He knew that a
condenser was but a temperature exchanger,
and he recognized in the two old heaters ar-
ticles that had been constructed for that very
purpose, and he made use of them. The pro-
fession lost an artist when the old man ex-
changed his ice tongs for a pair of wings, back
in ’81.

In the early ’80’s, D. L. Holden, an old thor-
ough-bred in the business, a man that would
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lose his meals and his sleep (to say nothing
about his dollars) to demonstrate any idea he
got into his wise old head in relation to am-
monia or ice machinery, builta submerged con-
denser that came pretty near being the correct
thing, according to the theory of the business.
He made a straight shell,if Iremember rightly,
about thirty feet high, and put straight, ver-
tical tubes into the shell, connecting the tubes
at top and bottom with a chamber, the top
chamber toreceive the discharge gas from the
compressor, and the bottom chamber to actas
a liquid receiver. The water entered the shell
at the bottom and gradually rose, meeting the
current of warm gas as it rose, and creating
an interchange of temperature between the
gas and the water that was pretty near what
it should be. That condenser was correct in
principle, and it was only a question of ex-
periment to demonstrate what length of shell
would be the most desirable and practical
(suitable surface being granted) to have
reached perfection with submerged condens-
ers. As fast as liquefaction occurred in that
condenser, the liquid found its way down in-
to the receiver without hindrance—it was a
straight drop to the liquid receiver; the liquid
would leave the condenser as cold as the water
entering the shell; the water would overflow
from the condenser very nearly as warm as
the discharge gas from the compressor; and I
believe the condenser would operate with less
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condensing water, proportionate to its capac-
ity, than any other submerged condenser ever
made. Holden was an expert in many other
branches of the art, outside of condensers;
and many a man who is to-day considered an
authority on ice machines has gained no little
of his knowledge through the open and thor-
ough explanations given him by D. L. Holden.
There are modern machines on the market
to-day that incorporate ideas born in the brain
of Holden many years ago, and for which he
received little or nothing from the parties who
benefited by his ingenuity. I bow to Holden.

T. L. Rankin is another old timer whose
handiwork can be detected in many of the
devices at present in vogue in connection with
ice making and refrigerating machinery and
apparatus. ‘Tom’ has had more experience
to the square inch than any three ice machine
men in the world, and he is a long way from
quitting yet. He has made and unmade for-
tunes in the business,and Ilook for him to make
another fortune before he lays down the test
tube and picks up the harp. Rankin has made
condensers and condensers and more of them.
One that Ishallalways remember—and I guess
he will, too—was a sort of a combination sub-
merged-atmospheric condenser, which might
be described as a coil within a coil, the outside
coil being made of large pipe and the inside
coil of smaller pipe, leaving a space between
the internaland external coils. Into thisspace
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the gas was discharged from the compressors;
the inside coil carried the condensing water
from the bottom upward, and the water over-
flowed and trickled down the exterior of the
outside coil, so that the gas was exposed to
both an internal and external condensing sur-
face, besides being spread out to the utmost
limit by reason of the narrow space between
the two pipes. The ends of the inside pipes
passed out through stuffing boxes in the
bends of the external coil in such a manner
that the inside coil could be taken out at any
time and repaired, or renewed if necessary.
The condenser was a good one; but like all
good things, ‘it came high.”

To undertake to review all of Rankin’s
work on the condensers, or, for that matter,
on any parts of ice machines, compression or
absorption, would mean the appropriation of
the entire space of a volume much larger than
this, and then the half of it could not be told.
Tom Rankin is a genius, wedded to his pro-
fession, happy in his achievements and suc-
cesses,and still happy if the game goes against
him. “Tom” would takea contract for a skat-
ing rink in Hades or a toboggan slide into the
crater of Vesuvius, and the chances are that
he would come out smiling from either job.
Lots of us owe a debt of gratitude to ‘ Tom ”
Rankin, both for information and for fun and
good fellowship. ‘‘Here’s looking at you, old
boy.”
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I have on file a list of a large number of 2-
inch atmospheric condensers, running all the
way from fifty-eight feet to 160 feet of 2-inch
pipe to the ton of refrigerating capacity, built
by several different concerns, both with and
without draining connections for carrying off
the liquid at different points of the coil. The
majority of the coils are built similar to a
‘“ Baudelot - cooler ”’ in construction, usually
made up with screwed return bends, soldered
on the pipes; flat coils, about twenty pipes
high and twenty feet long, more or less, as the
occasion requires, or, rather, as the humor of
the manufacturer seems to dictate; but one
firm in my knowledge has adopted and stuck
to a standard for 2-inch condenser surfaces
for any length of time past. The wide devia-
tion between fifty-eight feet and 160 feet of 2-
inch pipe to the ton of refrigerating capacity
illustrates fully the difference of opinion that
exists in the trade in relation to the value of
2-inch pipe for heat transmitting surface in
ammonia condensers. One or the other must
of necessity be wrong. Being prejudiced my-
self against large pipe for heat transmitting
surface in any part of a refrigerating plant, I
shall leave it to the reader to make his own
comparisons of relative surfaces as compared
with the surfaces given in the tables published
herewith, and let him draw his own conclu-
sions from the comparisons.

Many manufacturers have lately adopted
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‘‘forecoolers,” or ‘‘supplementary conden-
sers,” in connection with the condenser prop-
er. This apparatus consists of a coil, or series
of coils, through which the discharge gas
passes before reaching the condenser proper,
and by means of which the gas is cooled by
utilizing the overflow water from the conden-
ser proper. I should think the term ‘‘fore-
cooler ’’ more appropriate for this apparatus
than the name ‘supplementary condenser,”
because it is not expected or desired to con-
dense any gas in this part of the apparatus; it
is merely intended to cool the gas before it is
delivered to the condenser.

So far as the writer knows, the origin of
this apparatus was evolved in the brain of a
brewer, Mr. Ellis Wainwright, of St. Louis,
Mo., who was, I believe, the first man to put
this adjunct to a refrigerating plant in prac-
tical operation. He had a 25-ton plant in his
original brewery, and instructed his engineer
to put a coil of pipe between the compressors
and the condenser ‘“to utilize the overflow
water to the fullest extent.” Such is the lan-
guage of a memorandum of a report made to
the writer in 1881; and it would appear that to
Mr. Wainwright belongs the credit of an in-
vention that several parties have tried, unsuc-
cessfully, to patent on different occasions
since his apparatus was put in operation. The
‘“forecooler " is a good thing. I have used it
to advantage many times when condensing
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surfaces were too limited or when the con-
densing water was short or very warm. Itis
an article that can be attached to any plant,
and the cost is not very high, a factor that is
generally taken into consideration. Several
designs of atmospheric condensers have the
‘‘forecooler’’ connected below the condensing
coils, in the same pan with the condenser, and
the condensing water flows down over the
‘““forecooler ”’ before dropping into the pan.
Others are arranged with a condenser pan
deep enough to submerge the *forecooler”
coils in the overflow water from the conden-
ser; still others are made entirely separate
from the condenser, and are designed to op-
erate on either the atmospheric or the sub-
merged principle, as may best suit the condi-
tions and surroundings. Some are merely a
coil of pipe the same size as the discharge
pipe from the compressors, but the best are
small pipe coils with area openings sufficient
to balance the area of the discharge pipe. If
you have high condensing pressure, insuffi-
cient condensing surface, scarcity of water, or
warm water supply, you will find the ¢ fore-
cooler ”” a valuable aid to your apparatus.
Every condenser should be provided with
means for purging air or permanent gases
from the same. Any plant is liable to become
contaminated with these troublesome and un-
desirable elements; and if the means of rid-
ding the plant of the same is not provided it is
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next to impossible to operate satisfactorily or
successfully once the system becomes perme-
ated with them. The purge valve should be
placed at the highest point on the discharge
line—as near the condenser as possible—and
the purging should be done when the machine
is not running. The water should be kept
running over the condenser, and sufficient
time allowed for the condenser to cool off be-
fore the purge valve should be opened at all.
A pipe carried to a barrel of water from the
purge valve or down into the water in the
tank, in case the condenser is of the submerged
type, will enable the engineer to purge the
permanent gas from the plant without losing
any material amount of ammonia gas. So
long as permanent gases or air are being dis-
charged from the condenser, large bubbles
will rise to the surface of the water, with
merely a bubbling noise or sound, but when
ammonia gas begins to flow from the purge
pipe into the water, there will result a snap-
ping and crackling like the results of admit-
ting hot steam into a cold pipe. It is notat all
necessary to open the purge valve wide; a
very little opening will allow the gases to es-
cape, and the less the valve is opened the
quicker it can be closed when the ammonia
begins to escape. In this manner, by fre-
quently repeating the operation, air or perma-
nent gases can be purged from a condenser.
It cannot, however, be done all at once, for the
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reason that when a plant contains perma-
nent gases, it is very liable to have the gases
trapped in all parts of the apparatus, and it
is necessary to gradually pump it all into the
condenser and allow it to separate and seek
the highest point (where it will finally lodge)
before it can be got rid of.

I have seen a few plants with air chambers,
placed at the highest point on the discharge
line, to act as reservoirs for the collection of
air or permanent gases while the machineisin
operation. While such chambers do no harm
on the plant, I am of the opinion that they do
not collect much air when the plant is running.
The discharge from the compressors is too
strong to admit of a separation taking place
while the machine is in motion; a circulation is
bound to be going on throughout the discharge
side of the plant, and if air or permanent gas
collects in the chamber, it is liable to be driven
out by the ammonia gas from the compressors.
That the trap will come in play all right if the
machine is shut down and the water allowed to
run over the condenser, I am willing to admit;
and that it might be connected so as to purge
the chamber entirely without any possibility
of losing ammonia from the condenser, is also
a fact. It would only be necessary to provide
a valve between the condenser and the cham-
ber, to be closed when the chamber is to be
purged, to make fusther loss of gas from the
condenser than that possibly held in the cham-
ber an impossibility.

J -

XN
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I have seen quite a number of specifications
for condensers in the past year or so requir-
ing a valve on each end of each coil of the con-
denser, a requirement that I would consider
more in the line of a convenience than an ab-
solute necessity. Nearly all condensers are
provided with a main valve at top and bottom
in these days; and if the condenser is properly
constructed the liquid will drain to the liquid
receiver as fast as it is formed. Theaimisto
relieve the condenser of liquid as quickly as
possible and utilize the space in the condenser
for gas, not to store and hold liquid in the con-
denser. The condenser can be shut off from
the liquid receiver and from the compressors
and discharge line in case of accident; or when
slight leaks occur the condenser canbe pumped
out and repairs made without a great deal of
trouble or loss of time. The valve on each
end of each coil would merely cut out the in-
dividual coil and lessen the condenser capac-
ity to that extent, while to make necessary
repairs on the individual coil would, in three
times out of five, require that the entire con-
denser should be pumped out before the coil
could be safely disconnected and the repair
made.

I recommend valves wherever necessary;
but I think a majority of the practical engin-
eers would be perfectly satisfied to have their
condensers constructed without a valve on
each end of every coil, unless the coils were

»
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constructed on the ‘Baudelot cooler ” prin-
ciple, in which case I admit the necessity of a

valve on each end of each coil.
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CHAPTER XIII
MAKING ICE.

HERE is considerabledifference between
capacities of machines for ice making

and for refrigerating. To illustrate this dif-
ference we take a given quantity of brine to
be cooled from say 80° F'. to say 14° F. Not
taking into consideration the specific heat of
the brine as compared with fresh water (the
average brine having only about 79 per cent
of the specific heat of fresh water), sixty-six
British thermal units of heat would have to
be removed from each pound of brine in the
process of cooling the same from 80° to 14° F.
Taking fresh water at 80° F. and freezing the
same, and then cooling the ice down to 14° F.,
covers a much greater amount of work than is
represented by the process of cooling brine
through the same range of temperatures.
First, the water must be cooled from 80° to
32° F., requiring the removal of forty-eight
British thermal units of heat from each pound
of water; next, the latent heat of the water
must be removed before the water will con-
geal into ice. This process requires the re-

" moval of 142.6 British thermal units of heat
(147
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from each pound of water in order to change
the water at 32° F. into ice at 32° F.; and to
cool the ice from 32° to 14° F. requires the
additional work of removing eighteen British
thermal units of heat (not taking into consid-
eration the specific heat of ice, which is only
50 per cent of the specific heat of water). The
total number of units of heat to be removed in
the case of the ice making is, therefore, 208.6
thermal units as against sixty-six thermal
units for refrigerating brine through the same
range of temperatures; and the secret of the
difference is found in the fact that in the re-
frigerating process the latent heat is not re-
moved from the brine, while in the ice making
process the latent heat is removed from the
water in the freezing.

This illustration would seem to indicate
that a plant for ice making purposes should be
a little over three times the size of a plant to
be used for refrigerating purposes; but refrig-
erating capacity of a plant is figured on a basis
of the refrigeration performed by the melting
of a given quantity of ice at 32° to water at 32°
F.: in reality the latent heat basis. The re-
frigerating capacity of a plant is, therefore,
merely nominal—an accepted term applied in
much the same manner as the term ‘horse
power” is applied when rating the capacity of
a steam engine, while ice making capacity of a
plant is an actuality, capable of being demon-
strated practically on a scale. We can weigh
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the ice we are making, but we have to figure
the refrigerating capacity of a plant. Ordin-
arily it is assumed that a given size of machine
will produce ice to the extent of 50 per cent of
its nominal refrigerating capacity; but as
the assumption is like comparing facts with
figures, the comparison is actually one of very
little value in establishing a ratio of the values
of ice making and refrigerating capacities.
One is actual, the other is a nominal capacity.

. In treating the subject of ice making, I
shall endeavor to give my readers the results
of actual experiences, and will not attempt to
advance any theories, either of my own or of
others, to mislead them into experiments in
ice making. Thousands of dollars—fortunes
—have beén spent in experiments in the ice
making field, and almost every year some vis-
ionary inventive genius will add to the pile by
erecting a monument to his folly when, by
merely looking around and taking advantage
of the lessons to be derived from the examples
of numerous successful ice making plants in
operation in all parts of the country, he could
have invested his time and money to greater
advantage, and at the same time put in a great
many more hours sleeping well that were
wasted in trying to accomplish something
that no one else had tried and that would not
be worth anything in particular if accom-
plished. Some other fellow invariably fol-
lows over the trail of the experimenters and



150 PRACTICAL ICKX MAKING

profits by the errors the experimenters have
made, and the owner of the plant usually has
both the experimenter and his follower to
vent his spleen upon; and the worst part of
the whole business is that the owner gener-
ally is the one who has to stand the losses con-
sequent upon the experiments. My advice to
the buyeristo find a plant that is giving satis-
factionand paying dividends to the stockhold-
ers, and then follow that construction in the
construction of the plant he purchases. Don’t
buy an experiment. It will prove as expensive
as a lawsuit, and will probably get you involved
in a lawsuit before the contract is completed.

My own first experiences in ice making
‘were with plate plants, under the tuition of
one of the soundest authorities in the country,
the late David Boyle, a man who was at least
the equal, if not the superior, of any ice mak-
ing engineer in the world. To David Boyle
rightfully belongs the credit of having pro-
duced the most successful ice making plants
extant in the early days of the art, and at the
present time there is hardly a plant in this
country, constructed on either the plate or
can systems, that has not incorporated in its
construction some detail evolved in the brain
of that tireless and studious Scotchman. I
have known David Boyle to travel many miles
just to examine an ice making plant built by
some competitor, and not a detail of the con-
struction of the plant would escape his watch-
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ful eye. He would spend hours and hours in
the public libraries, poring over any litera-
ture he could find bearing upon ice making
and refrigerating and the transmissionof heat.
Mr. Boyle thoroughly understood the princi-
ples involved in the manufacture of ice, and
was undoubtedly the first man to adapt a ma-
chine and apparatus to the practical demon-
stration of those principles. His first plants
were on the plate system, with two separate
freezing tanks, each containing hollow iron
plates, through which the refrigerating agent
was circulated. The cooling of the refriger-
ant was accomplished in a third tank contain-
ing the evaporating coils, and the circulation
of the refrigerant was by means of a pump
driven by power taken from the machine.
Later he abandoned the separate evaporator
tank and placed the evaporator coils within
the hollow plates in the freezing tanks, thereby
economizing the space required for the plant
and also decreasing the loss due to radiation,
which wasaconsiderable item with the separate
evaporating tank. So far as results are con-
cerned, David Boyle’s early plate plants would
comparevery favorablywith thelarger modern
plate plants, and I can say that I have not
seen anything in the line of a modern plate
plant that is not, to a greater or less extent,
merely a copy or modification of David Boyle’s
early construction; certainly no new idea has
been evolved in any of the later plate or block
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systems, unless the methods of removing the
ice from the plates or coils are considered;
and I am free to confess that I can recognize
no economy in the present accepted methods
of removing the ice from the plates or coils
over the methods employed by David Boyle
for the purpose;in fact, I am of the opinion
that Boyle’s old methods would prove more
economical than the present steam-thawing
methods.

Mr. Boyle appreciated the fact that the
plate system was not the most practical and
economical system for making ice; and up-
wards of twenty years ago he set about to de-
vise means for doing away with the platesand
constructing a plant that would be continuous,
regular and steady in its operation, and one in
which the conditions of operation would not
materially alter during the process of harvest-
ing the product—a condition that exists in
every plate or block plant. He had experi-
mented more or less on the can system, and
had visited a number of plants constructed
on this system, all of which he found to be
making white or cloudy ice, very few using a
distilling apparatus, and such as did attempt
to distill the water had apparatus so crude that
the distillation and purification were but par-
tially accomplished, and theice in consequence
did not compare in quality with the product of
his own plate plants. Mr. Boyle said that he
would make a distilling apparatus that would



AND REFRIGERATING. 153

produce pure distilled water for ice making
purposes, and with the persistency for which
the race from which he sprang is noted, he
kept at the problem until his efforts were
crowned with success. He made the first
really pure distilled water ice, and now the pro-
cession is following the trail he blazed through
the wilderness in the business. ‘Dave’ has
gone, but his name and his works will live as
long as ice making is a recognized industry.
From experience, observation and general
repute, I am prejudiced against the plate sys-
tem of ice making, and yet there are condi-
tions of surroundings under which I would be
tempted to construct and operate a plate plant;
as, for instance, where fuel is high priced and
an abundant water power is available, I would
be inclined to put up with the annoyances and
inconveniences of the plate system, unless I
could get a price for my product in keeping
with the additional expense that would be in-
curred if the ice was to be manufactured from
distilled water. But where cheap fuel is avail-
able, my preference will always be with the
can system. My reasons for this preference
are that from experience, observation and in-
quiry I have satisfied myself that the plate
system requires much larger compressors and
surfaces for evaporating and condensing. I
find that plate plants are constructed with an
allowance of about 20,000 cubic inches of com-
pressor displacement per minute per ton of



154 PRACTICAL ICE MAKING

ice making capacity, while practice has dem-
onstrated that an allowance of from 12,000
to 14,000 cubic inches of compressor displace-
ment per minute per ton of ice making capac-
ity is amply sufficient for can system plants.
The allowance for condensing and evaporating
surfaces with the two systems will hold good
to very nearly the same ratios as are ex-
pressed by the ratios of the compressor dis-
placements. It is apparent, therefore, that
the plate system is necessarily a more ex-
pensive system to construct than is the can
system. The plate system is obviously an
intermittent system, while the can system is
a regular, continuous system, operating under
the same conditions of temperature and con-
sequent pressure at all times, a factor worthy
of the greatest consideration when it is ap-
preciated that in order to make ice regularly
and of uniform quality the regularity of the
temperature and pressure is an absolute es-
sential to the results. The can system delivers
the product shaped in the most convenient
form for the trade, while the product of the
plate system has to be cut to the shape re-
quired. The can system freezes the ice from
two sides toward the center, while the plate
system freezes the ice from one surface only.
It is obvious that the can system will freeze
much faster in proportion to the thickness of
the product than is possible with the plate
system. With a good distilling apparatus a
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can system will produce absolutely chemically
pure ice, while the plate system will freeze
into the ice any impurities held in solution in
the water which are not precipitated by the ac-
tion of low temperature. Outside the one fac-
tor of avoiding the necessity of distilling the
water, I contend that there is not a single ad-
vantage to be derived from the use of a plate
system over a can system. The plate system
will make good commercial ice from natural
water, free from the feather center that is al-
ways present in can ice; but all things being
considered, I am of the opinion that the plate
ice will cost fully as much per ton as the can
ice to manufacture, and I know the can sys-
tem isa much simpler and easier plant to han-
dle and operate successfully than is the plate
system.

From memoranda in my possession I have
compiled a table of standard ice making tanks
constructed on the can system, each and every
one of which ‘““has been tried and not found
wanting ” ; and I do not, therefore, hesitate in
recommending the tanks as reliable, when
operated in connection with any first-class
compressors of suitable displacement for the
tonnage represented in the table. There is
not a single tank listed that has not produced
more than its nominal rated capacity of first
quality canice. Ihave beenasked many times
if I do not consider longer hours’ allowance for
freezing to be advantageous with a can plant.
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My reply has invariably been, yes. I know
that the slower the ice is frozen the better its
appearance will be. I further recognize the
advantage of large freezing tanks, when it is
desired to force a plant beyond its rated ca-
pacity to meet the demand for ice in very hot
weather, a condition that frequently tempts
the proprietor of the ice factory to ‘“rob his
tanks " and regret it later. The tanks I have
listed are, however, amply large enough to
produce their rated capacity of first-class ice
with a brine temperature of 14° F., and thatis
about the temperature the average engineer
endeavors to carry, and succeeds in carrying,
if he compels the ice pullers to take out the
ice regularly, and does not allow his ¢ boss ™’
to “‘rob the tanks.”

I appreciate how hard it is for the pro-
prietor of an ice factory to see a crowd at
the ice house door with their change in their
hands, begging for ice when there is no ice in
the ice house and only one block ata time com-
ing out of the tank at stated intervals; but if I
was chief engineer of an ice factory and any
man attempted to “rob my tanks’ I'd quit
my job or chase that man out of the tank room
with an iceax before I would allow him to take
a single can out of the tank before its regular
time.



CHAPTER XIV.
HINTS ON ICE MAKING.

HE same opportunity exists for covering
up defective work in the freezing tank
that is often discovered in refrigerating brine
tanks. The evaporating surfaces are sub-
merged in a similar manner in both cases;
. consequently defects are not easily discovered,
and when discovered are necessarily difficult
to reach and repair, frequently requiring the
emptying of the tank before the defect can be
uncovered and attended to. Too much care
cannot, therefore, be devoted to the construc-
tion of the freezing surfaces and their connec-
tions.

Freezing coils should invariably be made
of the best quality of extra strong pipe, welded
and bent into continuous lengths whenever
practicable, avoiding screwed return bends
and the consequent liability of leaks from
numerous joints. The bent coil reduces the
number of joints to the minimum, and the
fewer the joints in a submerged system the
less liability for leaks. Common pipe coils
should never be used in connection with any

part of an ammonia system. They are not
(158)
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reliable, and certainly are not economical, if
the factor of safety is given due consideration.
I know of cases where common pipe coils have
cost more than their value in loss of ammonia
alone, and then had to be replaced with extra
strong pipe coils before the plant could be
operated satisfactorily. The best steel am-
monia fittings should be used for connecting
the coils to the manifolds; the cheap, light
fittings are as unreliable as the common pipe
coils, and should always be avoided when
making joints which are to be submerged.

Careful attention should be given to the
matter of area openings to manifolds in freez-
ing tanks, as it is frequently necessary to put
a greater number of coils in a freezing tank
than the area of the suction pipe to the com-
pressor will handle without choking the open-
ings from the coils to the manifolds until the
areas of the openings and the area of the suc-
tion pipe are equalized. I have found more
trouble arising from the source of unequal
areas, or, rather, excessive areas, of manifold
openings, than from any other source in con-
nection with freezing tanks, and I have invari-
ably found that when the areas of the openings
were reduced until they equalized with the
area of the suction pipe, the trouble was at
once obviated.

To illustrate the point under discussion,
let us suppose that we have a 3-inch extra-
strong suction pipe, and the coils in our freez-
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ing tank are to be made of 1-inch extra-strong
pipe. The area of the 3-inch suction pipe is
6.56 square inches; the area of one 1-inch pipe
is .71 square inches. A division will show
that nine 1-inch coils would supply all of the
gas that the suction pipe is capable of han-
dling. For the sake of the argument, let us
suppose that we find it necessary to use eigh-
teen freezing coils in our tank; if we leave full
area openings, we know that one-half of the
coils will supply all of the gas that the suction
pipe can handle, and in consequence one-half
of the coils must necessarily be devoid of cir-
culation, and the gas will back and fill in one-
half of the coils as against the other half of
the coils, causing irregular and unsatisfactory
freezing; but if we reduce the area of the
openings from the coils to the suction pipe to
one-half the full area of the coil pipes, we will
have equalized the areas of the openings to the
area of the suction pipe, and the result will be
that every coil in the tank will do its propor-
tionate amount of work in furnishing the suc-
tion pipe with gas, and there will be an active
circulation of gas in every coil in the tank with-
out any part of the coils working against the
other coils.

Equal circulation throughout the evaporat-
ing and expansion surfaces is one of the most
important factors of successfulice making. It
is the key note to steady, regular work; and
where the circulation is not steady and regu-
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lar, we must not expect to get steady, regular
results. I have found the top feed and bottom
expansion manifold system to be one of the
very best arrangements to secure equivalent
area openings without undue choking of the
coilareas. This systemis merely traveling the
gas down one coil and up the next coil, or dou-
bling the travel of the gas and thereby reduc-
ing the openings to the suction to one-half the
number of the coils in the tank. This system
does not retard the circulation of the gas in
the least; it merely doubles the travel of the
gas from the expansion valve to the suction
pipe.

Active circulation of brine in the freezing
tank is another factor in successful ice mak-
ing. The more active the circulation of the
brine, the more readily it will part with its
heat to the ammonia gas in the coils; and the
nearer the temperature of the whole volume of
the brine can be maintained at a uniform de-
gree throughout the tank. The practical ice
making engineer appreciates the value of act-
ive brine circulation, and to secure it is one
of his fixed purposes. When the practical
man sees ‘‘female’ ice (ice that is slow in
closing at the top of 'the block), he looks for
sluggish brine circulation, and when he gets
the brine to circulating regularly and actively
the ¢ female ” ice disappears.

All kinds of devices are used to secure cir-
culation, or agitation, in freezing tanks. Some
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use ordinary steam pumps, others use propel-
ler wheels ; yet others, paddles or agitators.
My own preference is for the centrifugal
pump, with a system of brine suction and dis-
charge pipes located inside of the tank to take
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out the suctionand return the discharge brine
at regular intervals of space throughout the
length of the tank, thereby securing uniform
motion of the brine all around the molds and
coils. It is not sufficient to take the suction
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out from one end of the tank and return the
discharge at the opposite end of the tank, for
the reason that the current of brine will flow
through the channels offering the least resist-
ance to the flow, and in consequence there will
be spots entirely devoid of circulation. The
circulation should be distributed equally all
over the tank, and every gallon of the brine
kept in active circulation—on the move all of
the time. Get large circulating pumps, put
in distributing suction and discharge pipes,
with openings not exceeding the area of the
pipes, and run the pumps to high speed, and
you will haveactive circulation. A centrifugal
pump will circulate more brine inagiven time
than any other known device.*

The insulation of freezing tanks is a matter
of importance to the practical results. Inthe
first place, a freezing tank should be put ona
good, solid foundation—a platform set on stone
or brick piers built up from hard pan. The
platform should be constructed of planks
across the piers, with two thicknesses of
first-class waterproof f)uilding paper over the
planks, then 2X 12-inch joists set upright,
with the space between the joists filled in with
granulated cork rammed in close. Over the
joists should be one course of rough boards
and two thicknesses of paper, and then the
finished and matched flooring for the tank to
reston. A bed of pitch over the flooring is a

* See Appendix for tables of capacities of centrifugal
pumps.
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good thing to drop the tank into, and it will
prevent moisture from getting under the tank
and rusting it out. The platform should be
made at least two feet longer and wider than
the tank ; and when the tank is placed in posi-
tion, 2 X 12-inch joists can be run up from the
platform to the top of the tank, and rough
boards nailed to the joists, and two courses of
building paper put on the rough boards; and
the whole finished with dressed and matched
flooring. The space between the casing and
the tank should be filled with granulated cork
well rammed in. With such insulation, the
radiation of heat from the outside to the brine
in the tank is reduced to a minimum. Some
parties use sawdust or locomotive breeze for
insulating freezing tanks. Either is consid-
erably cheaper than granulated cork; but if
either should happen to get wet from over-
flowing of the freezing tank or any other cause,
it will be found very much dearer than the
cork. 'The moisture will gradually drain out
from the cork; but it will make either saw-
dust or breeze a soggy mass that will never
do for insulation after having been once wet.
The best is always the cheapest in the long
run. Use cork.

Always put an overflow connection on a
freezing tank, so that in case of carelessness
on the part of the ice pullers, when filling the
molds, if they let the molds overflow into the
brine and raise the level of the brine in the
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tank, the brine will not overflow into the insu-
lation around the tank. A good place to have
the overflow connection is on the front of the
tank nearest to the machine, where in case of
an overflow the engineer will see the wet on
his floor. His remarks on such occasions are
calculated to make a lasting impression on the
minds of the ice pullers and cause them to be
more attentive to the filling tube. ‘“I’ve been
there!”

A device frequently used and highly rec-
ommended by the users to prevent overflow-
ing of the cans when being filled by careless
ice pullers is the automatic can filler. . This
apparatus enables the ice puller to leave the
can when it is being filled, as an automatic
float attachment shuts off the water when the
can is filled to a required height. The auto-
matic filler further establishes a uniformity
in the amount of water in each can, and conse-
quently insures uniformity in the weight of
the product from each can, a feature that will
be recognized as desirable. The cuts shown
on next page illustrate an automatic can filler
that is giving universal satisfaction.

" A purge connection to the lower manifold
in a freezing tank is often a very handy thing
to have. If a weak liquid, oil or any other for-
eign substance gets into the coils and mani-
folds, the purge connection comes in play very
handily, and a purge valve is often a very con-
venient indicator of the condition of affairs
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inside of the system when
an engineer is hunting to
find out what is wrong.

A standard thermometer
should be placed on the
brine circulating pump with
the thermometer bulb down
in the brine, so that the en-
gineer can often see ‘“‘where
he is at” without lifting off
a tank cover and getting wet
with cold brine, monkeying
with a tin thermometer that
will not register correctly
anyway.

Some engineers contend
that it is necessary to have

SAULS’ CAN FILLER. the brine keptas strongas it

SAULS BROS.’ CAN FILLER IN OPERATION.
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is possible to make it. Thatis wrong. Solong
as the brine is strong enough to prevent freez-
ing around the coils and manifolds, it is quite
strong enough for all practical purposes, and
will answer as well, if not better, as a medium
for the transmission of heat as a saturated so-
lution would. Above a certain strength, brine
will precipitate the salt at low temperatures,
and a body of salt in the bottom of a freezing
tank is an objectionable feature, especially if
it happens to locate in a heap where you want
to put a can in the tank. I have known salt to
cake around the bottom of the cans and stick
so tight that it was almost impossible to pull
the can out of the tank without tearing the can.
That was one result of over-salting the brine;
and I know of no benefit to be derived from
too strong brine.

I have seen all kinds of hoists used for lift-
ing the ice cans out of freezing tanks, but the
best thing for the purpose that I have ever
seen is the “pneumatic” hoist. It consists of
an air pump and receiver, similar in construc-
tion to the regulation air brake device used on
locomotives, with an air pipe led over near the
center of the traveling crane rails and an air
hose from the pipe to the hoisting cylinder.
The hoisting cylinder is from four inches to
six inches in diameter, and about five feet long,
and is suspended on a trolley which runs on
the crane irons. From thirty to fifty pounds
of air pressure is carried on the receiver, the
pump automatically keeping the pressure at
any desired point. To lift the can out of the
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tank it is only necessary to turn a lever cock
on the cylinder, when the piston rod will run
down until the hook at the end of the rod can
be engaged in the can lifter, then by revers-
ing the cock the air is admitted under the pis-
ton, and the can, ice and all, will be hoisted up
out of the tank, as fast or slow as you please,
depending upon the amount of air you allow to
enter the cylinder, the cock being arranged
for the finest adjustment of the air admission.
I have visited a factory where two 300-pound
cans are taken out of the tank at once with this
device, and with eight 30-ton tanks in the fac-
tory the ice is pulled with one-half the labor
that was needed when the old system of hoists
was in use. The device is a little expensive
in first cost when compared with chain hoists
or some of the other devices in vogue for the
purpose, but the ‘“pneumatic” hoist is bound
eventually to find its way to the front for an
ice-hoist on freezing tanks. It is like the Ko-
dac: “You press the button and we [the air in
this instance] do the rest.” Get a pneumatic
hotst.

The variety of appliances that have been
tried for removing ice from the cans would
take a book to describe. Itis noticeable, how-
ever, that in the majority of instances the ex-
perimenter drifts back to the thawing tank as
the most practical appliance for the purpose,
and the majority of factories are now using
the thawing tank exclusively, although some
sprinkling devices are used in connection with
some late ice plants.



CHAPTER XV,
DISTILLATION OF WATER.

RACTICALLY speaking, the process of
distilling water for ice making should
begin at the source of the water supply. In
the majority of cases the water supply is con-
taminated by mineral, vegetable and in some
instances animal impurities. Unless these
impurities are removed from the water be-
fore it is fed into the boilers, decomposition
is the natural sequence, and foul gases and fre-
quently slimy solid matter permeate the entire
distilling apparatus as a consequence. The
water supply should, therefore, be subjected
to chemical analysis; and here the services of
a chemist should be obtained, both to deter-
mine the nature of the water and to recommend
the best means for the purification of the sup-
ply. The average engineer devotes very lit-
tle time to chemical questions, and in conse-
quence is hardly in a position to handle the
water question to the best advantage. The
chemist is, therefore, the person to consult .

and advise with upon this important matter.
If the boilers can be supplied with pure

waler, the greatest difficulties of distillation
(169)
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will be obviated on the start, and the greatest
economy of fuel consumption will result; pro-
vided, of course, that the boilers are of ap-
proved design and properly set.

Where the impurities in the water supply
consist entirely of matter held in suspension,
mechanical filtration will remove the impuri-
ties; but where the impurities are held in so-
lution in the water, filtration alone will not
remove the impurities, and the supply must
be subjected to chemical reaction, or coagu-
lation, before filtration to remove the impuri-
ties. Various appliances are used to purify
the water supply to boilers, among the most
notable being the coagulating filters, the live
steam separators and purifiers, galvanic sep-
arators, alum settling tanks and gravel tanks
on the back walls of boilers, exposing the
water supply to the intense heat of the com-
bustion chambers of the boiler setting. Some
engineers prefer to purify the water by
means of circulating devices after the supply
has been fed into the. boilers; and while I am
free to confess that these appliances are
doubtless better than to do without any puri-
fiers, yet I believe the best plan is to purify
the waler before it enters the boilers, avoiding
thereby the possibility of decomposing the
impurities and the resulting foul gases enter-
ing the distilling apparatus.

The economy of an ice making plant, in so
far as fuel consumption is concerned (where
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the ice is to be made from distilled water),
necessarily hinges upon the question of the
evaporating capacity of the steam boilers. If
the boilers will only evaporate from four to
five pounds of water per pound of fuel con-
sumed it would be unreasonable to expect to
get from six to seven pounds of distilled water
per pound of fuel consumed, for the reason
that it is only the water evaporated that we
can condense to produce the distilled water,
and out of this we must make due allowance for
waste from condensation in the pipe system,
blowing off at the air exhaust on the steam
condenser, and skimming the impurities from
the surface of the skimmer. Clean boilers
are essential to good results in evaporation,
and a pure water supply will go a long way
toward keeping the boilers clean and in con-
dition to produce the best results of evapora-
tion.

While speaking on the boiler subject, I
would recommend that the boilers should al-
ways be at least 50 per-cent larger than is ab-
solutely necessary for the operatioh of the
plant; large grate and heating surfaces will
pay for themselves many times over in the
operation of an ice plant. I would further
recommend duplicate boiler plants, each of
sufficient capacity to operate the machinery
without crowding, so as to always have a re-
- serve boiler to fire up when necessary to clean
the boiler in use or to make repairs on the
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same. The utility of the duplicate boiler will
be appreciated by every practical engineer,
and will be demanded by every one who has
had any extended experience in the business.

The pages of Jcc and Refrigeration teem
with advertisements of all kinds of devices
for the purification of feed water and econo-
mizing devices to be used in connection with
steam boilers, such as, for instance, the Oben-
chain, Myers, Cochrane, Stilwell and Hoppes
cleaners; McClave grate and blower, etc.,
and any ice manufacturer who is having trou-
ble with impure water supply or insufficient
evaporation in the boilers would do well to
investigate the merits of these devices. Many
times they can get a guarantee of relief from
their troubles from the manufacturers of
these devices, or have the devices put in on
trial, subject to acceptance only if they prove
satisfactory. Almost any of the manufactur-
ers will at once say whether they can or can-
not cure the difficulty, if a report of an analy-
sis of the feed water is submitted to them,and
an analysis of the water supply should be one
of the first moves to be made by an ice manu-
facturer when he meets with trouble in the
quality of his product. The aim should be to
secure a pure water supply, which when dis-
tilled will produce pure ice.

The latest accepted distilling apparatus
used in connection with ice making and dis-
tilled water plants consists of an oil separa-
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tor, a steam condenser, a reboiler, a skimmer,
a cooling coil, one or more filters charged with
sugar maple charcoal, and a cold water reser-
voir. To these are sometimes added a steam
filter and one or more cold filters, the latter
located between the cold water reservoir and
the mold filling device.

The oil separator is a device such as is
descrlbed in the advertisements of the Harri-

- 7N, son Safety Boiler Works and
the Austin Separator Co., in
Ice and Refrigeration. 'The
device is placed on the exhaust
pipe,in any convenient position
between the engine cylinder
and the steam condenser. Its
purpose is to eliminate from
the exhaust stéam any oil that
passes through the engine cyl-
inder, and also to relieve the
exhaust line of water produced
by condensation. Dead water

cocHRrAw o Danexhaustpipeis frequently

separaTor. the cause of a bad taste in the
ice, and in consequence the exhaust pipe
should be drained of all condensation, and
kept as dry and clean as possible.

The exhaust steam after passing the oil
separator should be utilized as far as possible
for heating the boilet feed water. Toaccom-
plish this end, a feed water heater can be
placed between the oil separator and the steam
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condenser, and the overflow water from the
steam condenser passed through the heater
to be heated by the exhaust steam to the high-
est possible temperature without condensing
the exhaust steam. Condensation of exhaust
in the heater should be avoided as far as pos-
sible, as all condensation in the heater goes to
waste, thereby curtailing the product of dis-
tilled water.

To describe a steam condenser as used in
connection with ice making plants at this time
would be describing a multitude of different
designs and patterns of femperature exchang-
ers, from the simple surface condenser, made
of ordinary screwed bend pipe coils, to the
most complicated arrangement of apparatus
imaginable. I will not, therefore, undertake
to describe the construction of any one par-
ticular steam condenser, but will advise my
readers to use only surface condensers, and to
avoid any condensing apparatus which brings
the exhaust steam in direct contact with the
condensing water, such as the ‘““open heater ™
construction of condensers. The aim is to
purify the water for freezing purposes by
evaporating the water to steam and condens-
ing, reboiling and filtering the product, secur-
ing absolutely pure water. Itis obvious that
you cannot expose your exhaust steam to a
body less pure than is the steam, and expect
not to contaminate the steam by the process.
In ninety-nine cases out of 100 the water used
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for condensing the steam is impure water ; in
every case it is less pure than the steam. It
is injudicious, to say the least, to mix the
steam with the condensing water. With a
surface condenser the steam and condensing
water are never brought in direct contact;
the steam is inside of the pipes, the water out-
side ; or vice versa (when heater pattern of sur-
face condensers is used). The construction
of a steam condenser should be suitably ar-
ranged for surrounding conditions. Where
the condensing water is reasonably clean
and free from lime, the atmospheric pattern
of condenser can be used to advantage; but
when the condensing water is impregnated
with lime or other scale producing minerals,
the submerged pattern of condenser will be
found the most desirable for the reason that
the submerged pipes will not collect the scale
as rapidly, nor will the scale that is collected
become as hard and difficult to remove from
the pipes as when the condenser pipes are
exposed to the atmosphere; and it is a well
known fact that scale on the condenser pipes
detracts from the heat transmitting capacity
of the condenser, and produces waste.

By experience I have found that fifty feet
of 1}{-inch pipe per ton of distilled water
capacity per twenty-four hours is amply suffi-
cient for a surface steam condenser, provided
the pipe is kept perfectly clean and free from
scale. I recommend galvanized pipe for steam
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condensers, or, in fact, for any and all parts
of distilling apparatus. Galvanized pipe will
not rust as readily as the ordinary black
pipe, and iron rust is a material that must be
avoided in connection with distilled water. It
will show its red trace at once when itis pres-
ent. Steam condensers should be given plenty
of pitch in the pipes so as to readily drain the
condensed water as fast asit is formed. The
condenser should be provided with an air ex-
haust valve at the highest point to relieve the
condenser of the air that will not condense
with the steam, and thereby avoid flushing
the air down with the condensed water. The
steam condenser should be provided with a
live steam connection, direct from the boilers,
to enable a supply of live steam to be carried
to the condenser when the exhaust steam from
the engine is not sufficient to produce the re-
quisite amount of distilled water, and also to
enable the engineer to blow out the condenser
at frequent intervals with live steam at boiler
pressure, cleaning out the coils thoroughly by
this means. A purge connection should be
placed at the lowest point of the condenser to
flush the coils when blowing out with live
steam.

I have lately seen a steam condenser pat-
terned after Rankin’s idea of an ammonia con-
denser, consisting of 1}4-inch pipe inside of a
2-inch pipe, the smaller pipe carrying the
condensing water, and the space between the
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small and the large pipe acting as the con-
densing chamber. With this form of con-
denser, the condensing surface can be largely
increased, as when desired water can be tric-
kled over the outside of the 2-inch pipe and
both the 124 and the 2-inch pipe surfaces can
be utilized for heat transmitting surfaces, or
either surface can be brought into play inde-
pendently of the other if desired. In my
opinion this form of condenser will do more
work with a given quantity of water than any
other form of condenser extant; for the fol-
lowing reasons: First, the steam will be
spread out in the narrow space between the
two pipes in the most convenient manner for
readily parting with the heat; and second, the
two pipes will necessarily expose the greatest
possible heat transmitting surface that can be
exposed in comparison to the volume of con-
tents of the condenser. These two points
should recommend the condenser to any
thinking man. You can get the condenser
from Westerlin & Campbell, who advertise in
Ice and Refrigeration. 1 have just bought
two 60-ton condensers from them myself.
The reboiler is merely a tank, or cylinder,
usually of galvanized iron, with a steam coil in
the bottom, through which live steam is circu-
lated. The condensed water from the steam
condenser is drained directly into the reboiler,
where it is heated up to boiling point by the
steam coil. Foul gases from the boiler and air
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from the steam condenser will part company
from the water in this part of the apparatus;
light impurities will also rise to the surface and
remain there. The reboiler is the cheapest
part of a distilling apparatus to construct, and
yet many plants are without one. It will pay
for itself on any plant.

The skimmer is fully described by its
name. It is merely for the purpose of skim-
ming light impurities from the surface of the
water, taking off oil, for instance. The skim-
ming is accomplished by so checking the flow
of distilled water from the skimmer to thc
cooling coil that a small amount of water will
constantly overflow from the skimming cham-
ber. A cylinder twelve inches in diameter,
and from six to ten feet long, with an overflow
connection at or near the top and a flushing
connection in the bottom, is all that is required
for a skimmer. The skimmer should be con-
nected to the reboiler by a straight pipe, about
one-half way down from the top of the reboiler
and the top of the skimmer, set on a level
with the point at which it is desired to carry
the water level in the reboiler. As the two
are connected together, the water levels will
necessarily be the same in both.

The cooling coil is usually constructed of
galvanized pipe, with ordinary screwed return
bends—merely a flat coil with a water trough
at the topand a water catch pan below. From
1){-inch to 2-inch pipe is generally used, and
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the coils are made as long as the ordinary
length of stock pipe will permit, say, from six-
teen to twenty feet long, and generally from
sixteen to twenty pipes high. No particular
rule is followed in relation to surface for a cool-
ing coil; but I am safe in recommending fifty
feet of 14{-inch pipe as amply large for the
purpose per ton of distilled water per twenty-
four hours. The water is fed into the bottom
of the cooling coil and taken out at the top.
The cooling water flows down over the coil
from top to bottom, making the most practical
interchange of temperature between the two
bodies of water. The cooling coil should be
provided with a live steam connection at the
top and a purge connection at the bottom, so
that by simply closing off the water connec-
tions and, opening the steam connections, the
coil can be flushed out with live steam at boiler
pressure; and the flushing should be done fre-
quently if the coil is to be kept clean.

The filter is usually a galvanized iron cyl-
inder with a tight cover and a false bottom
located about a foot above the bottom of the
cylinder. The filter is filled with sugar maple
charcoal or crushed quartz, preferably the
charcoal, and the water is led from the top of
the cooling coil to the bottom of the filter and
up through the bed of filtering material and
out at the top. I invariably advise duplicate
filters, each of large capacity, sufficient to hold
at least fifty bushels of charcoal each, cross-
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connected, so that either one or both of the
filters can be operated independently or to-
gether, and so that one can be cut out for
cleaning or recharging at any time without
interfering with the operation of the other. I
have tried all kinds of charcoal in filters, and
have gone back to sugar maple coal, because I
have found sugar maple coal to be the only
coal that will be uniform every time. If you
want to get into a peck of trouble with your
customers on account of a ‘“taste in yourice,”
you need only charge your filters with some
cheap charcoal, and I will guarantee a ‘“taste”
that will cling to your memory after you have
lost your hearing and sight. Twenty-five dol-
lars’ worth of cheap charcoal cost me two hun-
dred dollars and a red hot cussing in my youth,
and I know better now. The filters.should be
provided with purge connections at the bot-
tom, and should be washed out frequently.
Opening the purge connection will wash down
through the bed of filtering materialand carry
off the greater part of the impurities collected.
A new charge of filtering material should be
put in the filters at least once a season, how-
ever; it will get foul after a time, and when
foul it is only fit for fuel.

The cold water reservoir, sometimes called
¢““fore-cooler,” consists of a reservoir contain-
ing a system of coils through which the am-
monia gas from the freezing tanks is passed
before the gasis delivered to the compressors.
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Its purpose is to cool the distilled water by
means of the excess duty in the ammonia gas
from the freezing tanks, and to deliver the
water to the molds as near the freezing point
as possible. With a good apparatus it is pos-
sible to fore-cool the water to an average of
40° F. in this manner. (I have seen distilled ~
water in a reservoir at 36°.) There are two
points to be considered in the construction of
a cold water reservoir: first, the size of the
suction pipe to the compressors, as upon the
area of this pipe depends the number of coils
that can be placed in the reservoir, and the
coilage area should equal the suction pipearea
to get the best results; and second, the num-
ber of feet of surface required to lower the
temperature of the water from its tempera-
ture when admitted into the reservoir to the
temperature at which it is desired to deliver
the water to the molds. Having decided these
points, the reservoir can be built to suit the
coils. It is not good policy to build the reser-
voir and then construct the coils to suit the
reservoir, as a friend of mine did recently. I
quote from a letter I wrote to him on the sub-
ject as follows:

“Your fore-cooler (cold water reservoir)
is just as much a factor for the transmission
of heat as your evaporating or expansion
surfaces are, and the proportions of surface
should be in proportion to the amount of heat
to be transmitted in each case. To illustrate
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the point, let us take water at say 80° F. and
convert it into ice at 14° F. (the tempera-
ture at which the ice is usually taken from
the freezing tank),and charge the proportions
of heat transmitted to the proper part of the
. apparatus in each instance. First, we fore-
cool the water from 80° to say 40° F. (theoret-
ically it should be fore-cooled to 32° F., but it
is unnecessary for me to tell you that practice
does not reach the perfection of theory); our
fore-cooler, therefore, would be called upon to
transmit 40 B. T. units of heat for each pound
of water. Now, the water is delivered to the
freezing tank at 40° F., and we first cool the
water down to 32° F., which transmits 8 B. T.
units; then to convert water at 32° F. to ice at
32° F., say 143 B. T. units; then ice from 32°
F. to 14° say 18 B. T. units, and we have a
freezing total of say 169 B. T. units. (Note
that I do not make any allowance for the dif-
ference in specific heat of ice and water, but
in this calculation the same would not be ma-
terial to the total result of the illustration.)
The only conclusion to be drawn from this
calculation is that the fore-cooler, to be cor-
rect, should expose at least 25 per cent as
much cooling surface as is exposed in the
freezing tank, if it is expected to doits propor-
tion of the work of transmitting the heat from
the water.”

The above quotation from the letter tells
the cold water reservoir story as it should be,
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which I regret to say is not the way the reser-
voirs will be found in the majority of plants in
this country. The reservoir should be pro-
vided with means for cleaning it out handily,
and it should be cleaned out at regular inter-
vals,as itacts asasettling chamber and neces-
sarily is the most exposed portion of the dis-
tilling apparatus.

In starting up a distilling apparatus care
should be exercised to see that every portion
of theapparatus is thoroughly cleansed before
steam is admitted for practical distillation.
One of the easiest means of cleaning out the
apparatus is to wash it out with a solution of
soda ash, allowing the condenser, cooling coil,
reboiler and skimmer to stand full of the solu-
tion for some hours, and then drain and blow
out thoroughly with live steam until all trace
of the solution has disappeared. The solution
will cut all grease in the pipes and chambers,
and the steam will clean the apparatus thor-
oughly.

When starting up a plant in the spring,
this system of cleaning out should be well
attended to, especially if the apparatus has
been drained out during the season when the
plant has beenshut down. Cleanliness is next
to godliness, and pure distilled water is ex-
pected to be the acme of cleanliness by the
parties who are paying for the ice and the
water.
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SOURCES OF COLD.*

HE production of cold—the abstraction
of heat—is a curious subject of inquiry.
When a salt is dissolved in water, cold is pro-
duced. When a liquid vaporizes, the heat,
latent and sensible, necessary for the produc-
tion of the vapor, is abstracted from some
other body in contact with the liquid, and cold
‘is produced. When spirits of wine or aroma-
tic vinegar, for example, is thrown on the body,
a sense of cold immediately results from the
vaporization of the liquid, which draws heat
from the body. If air is allowed to expand,
there is a reduction of temperature, and a
translation of heat from neighboring bodies.
Again, in hot climates, water is successfully
cooled in porous vessels, through the pores of
which the water passes to the exterior and is
vaporized, and the cooling process is accele-
rated by a current of air directed upon the
vessel, which quickens the vaporization.
Siebe’s ice making machine, invented ori-

7 jClark's Manual.
(185)
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ginally by Jacob Perkins in 1834, is based on
the principle of producing cold by the evapo-
ration of a volatile fluid—ether by preference.
The fluid is placed in an air tight vessel, and
evaporated iz vacuo, the vacuum being formed
by means of a pump, which, in its continued
efforts to reduce the pressure, promotes the
evaporation of the fluid at a low temperature.
A temperature of 50° below the freezing point
may be effected; but in place of an unprofit-
ably low temperature, the cooling action is
distributed through the mass of salt water
employed as the freezing medium, the salt
water retaining its fluidity below 32° F., and
circulating in the refrigerator around and be-
tween the ice molds, which are filled with fresh
water. The water in the molds is successively
frozen, and replaced by fresh molds filled with
water. )

Carré’s cooling apparatus is based on the
fact that water when cold absorbs a large
quantity of ammoniacal gas, which when the
water is heated escapes, and is condensed in
a cold vessel. On the contrary, when the
water just heated becomes cold, a vacuum is
formed and excites a rapid evaporation of the
ammonia into the vessel of cooled water, when
it is again absorbed. The heat necessary for
the evaporation of the ammonia is extracted
from the water surrounding the vessel in
which the liquid ammonia is contained, and
the water consequently is frozen.
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"FRIGORIFIC MIXTURES.

For the production of intense cold, mix-
tures of various salts and acids in various pro-
portions with water are very effective. But
more intense degrees of cold are produced
with snow or ice.

Table No. 1 contains the -ordinary mix-
tures for the artificial production of cold,
known as freezing mixtures. The first part
of the table comprises mixtures of salts and
acids with each other and with water; the sec-
ond part, mixtures of salts and acids with
snow or ice.

The blanks in the third column of the table
indicate that the thermometer sinks to the
degrees named in the sccond column, but
never lower, whatever may be the initial tem-
perature of the materials when mixed.

_ The vessels containing the mixtures should
becooled before theelements are put intothem.

If the materials of the mixtures enumera-
ted in the first part of the tablé be mixed at
a higher temperature than that given in the
table, namely, 50° F, the fall of temperature is
greater. Thus, if the most powerful of these
mixtures, No. 11, be made at the temperature
80° F., it will sink the thermometer to +2°,
making a fall of 78°, as against 71° in the table.

The third part of the table contains frig-
orific mixtures partly selected from the other
parts, and combined so as to extend the cold
to the extreme degree —91° F. The ma-
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terials should be cooled previously to being
mixed to the initial temperature, by mixtures

taken from previous parts of the table.

TaBLE No. 1.—FRIGORIFIC MIXTURES.

FIRST PART.—Proportional mixtures of salts and acids
with water.

| 2a¥
. G
Mixtures. _Fall of Temperature. | 05
i S~}
oK%
I -
! Fahrenheit. Fahr.
L 1H from +50° to+4° ... 16°
2. Muriate of ammonia.... 5) {
Nitrate of potash.. g{ \ from +50°to+410°....| 40
1
3. I\N&iuriate off ar:lml(])ma. gl
trate of potash.. . i =
Sulphate of soda. B from +50° to +4°..... 46
e
4. Sulphate of soda... . .. 3| .
Diluted nitric acid, ... g [ | from+50° to —3°...... 53
5. Nitrate of ammonia.... 1)
Carbonate of soda....... 1 | from +50° to —7°...... 57
o }),Vhaterh.......f....a... !l)s
. osphate of soda Al = T
, Is)“f“;dt““{ic acid ... g( ‘from—+-.)(.)o to —I12°..... 62
. Sulphate of soda... .... (RE
0 gy‘dxi]ochlmf'ic a.dcid ....... 2 {1 from +50° to 0%.... ... 50
. Sulphate of soda .... ... H1
Dilute sulphuric acid... 4( from +50° to+3°..... a7
9. aulp.h%te cf)f soda........ 61!
uriate ofammonia.... 4 || =
Nitrate of potash........ 2 } t from +50° to —10°....... 60
Dilute nitric acid. ....... 4)
10. Sulphateofsoda........ 6(
Nitrate of ammonia.... 5| from+50° to —14°, ... 64
Dilute nitricacid........ 4 (
11. Phosphate of soda ...... 9) |
Nitrate of ammonia .... 6 -|' from - 50° to —21°.... K
Dilute nitricacid........ 1)
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SECOND PART.—Proportional mixtures of salts and acids
with snow or ice.

Q
Mixtures. Fall of Temperature. | 505
25§
Fahrenheit. | Fahr.
12. Muriate of soda (com-
mon salt)............... 1 from any temp. to —5° —
Snow, or pounded ice... 2
13. Muriate of soda ......... 2
Muriate of ammonia.... 1 % “ “ “ to—12°] —
Snow, or pounded ice... 5
14. Muriate of soda.-:.... 03
Muriate of ammonia 54 “ e o 189 ——
Nitrate of potash.. ..... 5 i
Snow, or pounded ice...24 |
15. Muriate of soda... ..... 5(
Nitrate of ammonia..... b “ “ “to —2° —
Snow. or pounded iceu.l‘l(
! ’ LeC 1¢ 5
16, Dilute sulphuricacid. - 3| from 4 e 1o ... 5
1. Muriatic acid............ 3t from+oto—e....| 50
18. Dilute nitric acid........ ; 0( from + 32° to —30°. ... 62
§ ¢! from 4320 to —s0°. ... 72
{
%»ﬂ from + 32°to —50°. ... 82
|
:» i from + 32° to -—-51°..... 83

THIRD PART.—Mixtures partly selected tfrom the foregoing
series, and combined so as to increase or extend the
cold to the greatest extremes.

$=%
Vg
Mixtures. Fall of Temperature. | 503
ye o
oL
- - I bt
Fahrenheit. Fahr
22, %Iea salt.. monia T 51,
uriate of ainmonia H o 3 o
Nitrate of potash } .5} from —5° to —I8°...... 13
Snow. or pounded ice... 1]
23. Seasalt................... 5(
Nitrate of ammonia .... 5 from —18° to —25°.... 7
Snow, or pounded ice.. 12 “
24. Phosphate ofsoda...... 5
Nitrate of ammonia.... 3% from 0° to —-34°........ 34
Dilute nitricacid........ 4
25. Phosphate of soda....... 3 !
Nitrate of ammonia .... 2% from —-34° to —50°...... |16
Dilute mixed acids. .... 4 | |
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THIRD PART—Concluded.

®n, T
oS o
03O
Mixtures. Fall of Temperature. | 505
;e
Ay
2 3 Fahrenheit. Fahr,
" Dilute nitric Z6id.; 111 3| from 0" to—see. ... #
27, SNOW .oeviviirinininnnnnnn 8
Dilute sulphuric acid... 3 :» from —10° to —56°..... 46
Dllute nitric acid...... .. 3
=+ 1! from —10°to —s0°..... 50
3 ;» from + 20° to —48°.. ... 68
3 || from +10° to —54°...... 64
g} from —15° to —68°. .... 53
1
0 } from 0° to —66°....... 66
1
} from —40° to —73°..... 33
sno ;
) Dllute sulphuric acid.. Z’ from —€8° to —91°....... 2

COLD BY EVAPORATION.

M. Gay-Lussac directed a current of air,
dried, or desiccated, by being passed through
chloride of calcium, upon the bulb of a ther-
mometer wrapped in moist cambric. The
temperature was lowered from 10° to 26° F.,
according to the temperature of the current
of air, which varied from 32° to 77° F. It is
presumed that the surrounding temperature
was the same as that of the current. The
following are the falls of temperature for cur-
rents of air of given temperatures:

Temperature of current, Fahr , 320, 41°, 50°,
Fall of temperature, 10.5°, 13°, 16°, 19 5°, 23° 26.5°.

The most intense cold as yet known was
produced by Professor Faraday in the course
of his experiments on the liquefaction and

59° CH
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solidification of gases, from the evaporation of
a mixture of solid carbonic acid and sulphuric
ether under the receiver of an air pump. For
the following pressures, measured in inches of
mercury, and given also in pounds per square
inch, he obtained the corresponding tempera-

tures subjoined:
Inches of mer-

cury ......... 284, 104, 9.6, 74, 54, 34, 24, 14, 1.2
Pounds per

square inch. 14.0, 9.5, 4.6, 3.6, 27, 17, 12, 07, 06
Temperatures,

Fahr.......... -107°, -112°, -121°, -125°, -132°, -139, -146°, -161°, 166°
Showing that when a perfect vacuum was
nearly approached, an intense cold, measured
by —166° F., was attained by the evaporation
of a mixture of solid carbonic acid and sul-
phuric ether.

COOLING OF HOT WORT BY COLD WATER IN

METALLIC REFRIGERATORS.

From the instructive discussion of the
principles of brewery engineering in Engineer-
ing, Vol. VI, the following particulars are de-
rived of the performance of tubular refriger-
ators, in which cold water is passed through
thin metallic tubes, which are surrounded by
the wort to be cooled. The water and the
wort are moved in opposite directions in such
a manner that the cold water, on its entrance
into the refrigerator, meets the cooled wort
just before it leaves the refrigerators, and the
warmed water passes away from the refrig-
erator where the hot wort enters. The fol-
lowing are particulars of the performance in
five experiments:
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TaBLE No. 2.—RESULTS OF PERFORMANCE
OF METALLIC REFRIGERATORS IN COOL-

ING HOT WORT WITH COLD WATER.

w 1l "~ Wwosr. I WATER.
Eon e T . v [ « :
SE0E el ey lE ]
S i & geEl& |5 1B |zZ.82 B |5
-l B AuZiHg By | & |A®S| o Es | T
S B0 0] Sl on | P8 Sm| Vn  ga 9
SHE DO Hs B | o |27 B3 g3 | B
L) L .:"‘h! o o o =R " -A.E‘u n
vy I & 'S89 3 - 3 |88l 3 i< ]
=@ | T s*a | S ] 9 [{g*p ! = I
< g oe 2 |= 8 |ig =2 g B
w & |5 |& @ |8 &
Sq. Feet.| [Bbls.|Fahr|Fahr Fahr|/Bbls.[Fahr Fahr|Fahr
1881 | ... (3397 2120 720 [ 400!l 61.1 | 65° . 169°| 104°
2. 514 ['1.103 36,1 | 155| 50 | 906|755 | 54 100 46
3 514 | 1188/ 366 | 101 | 59 | 132 | 9v.5| 54 « 100 | 46
3514 | 1035 7.3 193 | 59 | 131 ([ 907 | 54 | 100| 46
5. 514 |(1.018 480 | 178 | 59 | 119 [l102.0 | 54 | 100 | 16

NOTE 1.—A barrel contains thirty-six gallons, or 360 pounds
of water.
2,—The temperature of the air in Nos. 2 and 4 was 44° F..
and in Nos. 3 and 5, 40°.

Dealing with the data of this table, the fol-
lowing are the mean temperatures and dif-
ferences of temperature of the wort and the
water, with the quantities of heat transmitted
per unit of surface, temperature and time:

HEAT TRANSMITTED

MEAN TEMPERA- PER SQUARE FooT
TURES. PER DEGREE
| i PER HOUR.
Mean Dif- |~ 3
of Baperi-| ference || Boaf | Bgf
ment. of Tem- '5233 -
| of | _of |perature.| ©3F Szs3
I wort. | water. | 2385 | 5588
| zo@ 4]
] i S oo @O B
r | 2ok | SE8%
| | °S =T
| Fahr. | Fahr Fahr. I Units. Units
1 { 142° [ 117° 25° | 7 104
2 wr 7 30 | 81 81
50 a» | om 48 71 67
4 12 | 7 19 91 59
5 { 118.5 | T 41.5 . 96 79 -
- - DR | R R
A\'erages.l .............................. | 83.4 78
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ANHYDROUS AMMONIA.

Ammonia is a compound of one volume of nitrogen
with three volumes of hydrogen, and is therefore rep-
resented by the chemical formula NH,. It contains
by weight 82.35 per cent nitrogen and 17.65 per cent
hydrogen. Its molecular weight is 17.

Ammonia is a colorless gas possessing a very char-
acteristic pungent smell. It is much lighter than air,
having a specific gravity (air 1) of 0.586, one liter of
gas weighing, at the normal temperature and press-
ure, 0.76193 grams. By mechanical pressure and
cooling, it is converted from a gaseous to a liquid
state (liquid anhydrous ammonia ) which boils under
the ordinary atmospheric pressure at 28%C below
zero, or 240%° lower than the boiling point of water
under the same conditions. One pound of the liquid
at 32° will occupy 21.017 cubic feet of space when
evaporated at the atmospheric pressure. The specific
heat of ammonia gas, as determined by Regnault
(capacity for heat), is 0.50836. Its latent heat of
evaporation is about 560 thermal units at 32° Fahren-
heit, at which temperature one pound of the liquid,
evaporated under a pressure of 15 pounds per square
inch, will occupy 21 cubic feet.

TESTING ANHYDROUS AMMONIA.

Usually ammonia manufacturers sell their goods
subject to the condition and agreement, on the part of
the purchaser, that a sample be drawn from each
cylinder upon arrival and subjected to a test before
emptying the contents, no reclamation being allowed
on account of deficiency in quality or strength after
a cylinder has been emptied or partly emptied.
Therefore it is important that the consumer satisfy
himself of the purity of the ammonia before drawing
off the contents of the cylinder.
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EVAPORATION TEST.

Any dealer in chemical supplies will furnish an
8-0z. flat bottom, wide neck, Bohemian glass boiling
flask (in case of breakage it is well to have several of
these). Fit in the neck a stopper having a ¥4-inch
vent hole punctured through for escape of the gas.
Insert in this hole a short glass tube. Procure a
piece of 33-inch iron pipe threaded at one end; bend
the pipe to such a shape that the threaded end can be
connected with the cylinder valve; put the wrench
on the valve of the cylinder and open it gently; allow
a little of the ammonia gas to escape at first in order
to purge the pipe and valve, then draw into the test
flask from 2!4 to 4 ounces of the liquid ammonia.
When this is accomplished, remove the test flask at
once, and insert in the neck the stopper with vent
tube, then place it in such a position as will allow a
small stream of water to flow over the sides of the
flask. Under these conditions the ammonia will boil
quickly and soon evaporate. Any residue remaining
in the flask indicates impurities. Care is necessary
in drawing off the sample, as a very little moisture in
the test flask or in the pipe, or a brief exposure to the
atmosphere, will at once affect it.

AQUA AMMONIA.

The aqueous solution of ammonia, known as aqua
ammonia, liquid ammonia, etc., is ammonia gas
absorbed by water. The solution possesses the char-
acteristic odor of the gas; colors red litmus paper
blue, and turmeric paper brown, and possesses all
the characteristic properties of an alkali. The
strength of aqua ammonia is approximately deter-
mined by specific gravity scales or hydrometers,
those of Beaum¢ being usually employed for the pur-
pose. When ammonia dissolves in water a consider-
able evolution of heat takes place, the volume of the
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solution increasing at the same time. The solubility
of ammonia in water at various temperatures is given
in the following table:

One vol. of water at32° Fahrenheit ébsorbs 1,030 vols. ammonia

“ wooeegoe “ .- 813 - i
W o wopgo “ " 27 - .
Y o woegoe . . 634

TESTS FOR IMPURITIES IN AQUA
AMMONIA.

CARBONATES.

Take a sample of aqua ammonia, dilute with two
or three parts distilled water, add clear lime water.
If carbonates are present, a white precipitate of car-
bonate of lime will form.

SULPHATES.

Neutralize a sample of aqua ammonia with chemi-
cally pure muriatic acid. If white precipitate is
noticed, on addition of barium chloride, sulphates are
present.

CHLORIDES.

Neutralize sample of aqua ammonia with chemi-
cally pure nitric acid, and add a few drops of solution
of silver nitrate. A white precipitate indicates pres-
ence of chlorides.

ORGANIC MATTER.

Dilute sample of aqua ammonia with one part dis-
tilled water, and add chemically pure nitric acid
until the latter is in slight excess. Any impurities of
an empyreumatic nature will give a pink color.
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PROF. LUNGE’S TABLE SHOWING SPECIFIC
GRAVITY AND STRENGTH OF AQUA
AMMONIA AT 59° FAHRENHEIT.

°Beaumé | Sp. Gr. :;Tg:s °Beaumé | Sp.Gr. :;r(?;s
10 1.000 0.00 21 0.930 18.64
10.5 0.997 0.80 21.56 0927 19.56
11 0.993 1.60 22 0.924 20.49
12 0.986 3.20 22.5 0.921 2.4
13 | o.9m 5.05 23 0.918 22.39
14 0.973 6.56 23.5 0.915 23.36
15 0.967 8.08 4 0.912 24.33
16 0.960 9.91 4.6 0.909 25.32
17 0.954 11.60 25 0.906 26.31
18 0.948 13.31 25.5 0.903 27.32
18.5 0.945 14.18 26 0.900 28.33
19 0.942 15.05 26.5 0.897 29.35
20 0.936 16.82 27 0.894 30.37
20.5 0.933 ) & & T | R L T,

PROPERTIES OF SOLUTION OF CHLORIDE
) OF CALCIUM.

Percentage| Specific |Spec.Grav.|Freezi'g Pt.|Freezi'g Pt.
by Weight. Heat. at 60° F. | DegreesF. | Degs.
1 0.996 1.009 31 — 0.5
5 0.964 1.043 21.5 — 2.5
10 0.896 1.087 22 — 5.6
15 0.860 1.134 15 — 9.6
20 0.834 1.182 5 —14.8
25 0.790 1.234 —22.1
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TABLE SHOWING PROPERTIES OF
SOLUTION OF SALT.
(Chloride of Sodium.)

1 2 3 4 6 8 7
[V (- 1 . -
wh [ BLwg 1+ 1] =0 %0
ng ::og bt g‘de A po a8y 5...‘6
g5y (2285 | f8p | 2871 | ol | §§ 3%
Swm? | =S5 | w3 =Y 0 Py I R=E]
HeZ | 2870 | wle D8, =8 ) Ay
o3 LABA gs o 208 nis N
1 0.084 4 8.40 1.007 | 0.992 | 305
2 0.169 8 8.46 1.015 | ...... 20.3
2.5 0.212 10 8.50 1.019 | ...... 28.6
0.256 12 8.53 1.08 | ... .. 27.8
3.5 0.300 14 8.56 1.026 | ...... 271
4 0.344 16 8.59 1.030 | ...... 2.6
5 0.433 20 8.65 1.037 | 0.960 | 252
6 0.523 % 8.72 1.065 | ... 23.9
7 0.617 28 8.78 1.063 | ...... | 225
8 0.708 32 8.85 1.061 | ... 21.2
9 0.802 36 8.91 1.068 | ...... 19.9
10 0.897 40 8.97 1.0%6 | 0.892 | 18.7
12 1.002 48 9.10 1.091 | ...... 16.0
15 1.389 60 9.26 1.115 | 0.8% | 12.2
20 1.928 80 9.64 1.155 | 082 | 6.1
24 2.316 9 9.0 1187 | ... 1.2
% 2.488 100 9.97 1.196 | 0.783 5
26 2,610 | ...... 10.04 . 1204 | ... —1.1
20 | ol | —4.7

To determine the weight of one cubic foot of brine, multiply
the values given in column 4 by 7.48.

To determine the weight of salt to one cubic foot of brine,
multiply the values given in column 2 by 7.48.
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WOOD’S TABLE OF SATURATED AMMONIA.*

Recalculated by GEORGE DAVIDSON, M.E.

< = . Oa
Tempera-| Pressure, | £ éﬂ o3 |=2 |E¢o
ture. | Absolute. 3% |28 18° |2° [ 2
e [ T8|= s 87
— | 35 |33 Puc3es|ES
. e & RS Sl o8 LS,
[ . o8 o . G ENVEN &
] &8 ag | ™ > o939 |wa®
0 - o © Tl sg|omO|on O
o | 3.3 28| oSd|of S| g M| g EeT |
A CRE T 228|35E 253|552(358
& -1 E8e ~S 202330258
2 nRy @ | M= |DeP|O S DD
l< |& & jmT T FT B
| S
—40,420.66 1539.90,10.69| —4.01/579.67/24.388|.02348|. 0410,
39 1 | 1584.4311.00 —3.70/579.07|23.735|.02351| 0421
38 2 | 1630.03/11.32) —3.38/576.4223.102|02354| 0433
87 3 1676.71/11.64| —3.06/577.88/22.488/.02357|.0444
36| 4 1724.51!11.98) —2.72|577.27|21.895|. 02359 .0457
—35425.66| 1773.43112.31| —2.39|576.68)21.321|.02362/.0469
34[ [ 823.50 12.66| —2.0415%6.08)20.763|.02364|.0482
33| 7 1874.73,13.02 —l.§8 576.48120.221(.02366| . 0495
32| 8 1927.17,13.38) —1.32/574.89|19.708|.02368|.0507
31 9 1980.78:13.75| —0.95(574.89,19.204|.02371|.0521
—30!4&).66 2035.69/14.13| —0.57|573.69!18.693(.02374| 0535
29 1 2091.8314.53| —0.17]573.0818.225.02378|.0549
28 2 2149.2314.92 +0.22/572.48|17.759/.02381|.
21 3 2207.94/15.33| +0.63/571.89(17.307(.02384.057%
26| 4 2267.97|15.75 +1.03|571.28(16.869|.02387|.0693
—25.435.66] 2329.34/16.17| +1.47/570.68/16.446|.02389).
2 6 | 2302:09/16.61 1.91570.08 16.034| 02392| 10624
2301 2466.2317.05|  2.35 569.48(15.633| 02395 -0640
22| 8 | 2520.45(17.60| 2.8 568.88/15.252|.02398|.0656
2 9 2588.77/17.97|  3.27|568.27|14.876/.02401.0672
—20/440.66| 2657.23/18.45| +3.75|567.67/14.507|.02403.0689
19 1 2727.17/18.94|  4.24/567.06/14.153(.02406|.
18 2 2798.62119.43  4.73|566.43(13.807/.02409|.0725
17, 3 2871.61119.94)  5.24/565.85(13.475|. 02411|.0742
16] 4 2946.17,20.46)  5.76|565.25(13.150|.02414|.0760|
—15,445.66| 3022.31120.99| +6.29/564.64|12.834.02417|.0779
14/ '6 3100.07:21.53| 6.83(564.04(12.527|.02420(.0798
13, 7 3179.45,22.08)  7.38/563.43(12.230(.02423|.0818,
12/ 8 3260.52122.64|  7.94/562.82(11.939;.02425|.
119 3343.29,23.22|  8.52|562.21|11.659|.02428|.0858
—10'450.66| 3427.75,23.80| +9.10(561.61|11.385|.02431|.0878
9 1 3513.97 24.40  9.70|560.99(11.117.02434|.0899
8 2 3601.97.25.01| 10.31|560.39!10.860].02437|.0921
71 3 3691.7525.64| 10.94559.78(10.604{.02439].0943
6 4 783.37/26.27| 11.57|559.17|10.362(.02442 .0965
—5'455.66| 3876.85/26.92 12.22558.56!10.125|.02445/ .
4 6 3972.6227.59|+12.89!557.94| 9.894,.02448|.1011
31 4069.48.28.26| 13.56|557.33; 9.669|.02451(.1034
2| 8 4168.%50(28.95| 14.25/556.73| 9.449 .1058
19 4269.90(29.65| 14.95/556.11| 9.234|.02457(.1083
0,460.66| 4373.10/30.37|415.67/555.50' 9.028|.02461|.1107
+1] 1| 4478.3231.10  16.40,554.88! 8.825).02463).1133
2 2 4485.60/31.84! 17.14/554.27) 8.630|.02466(.1159
3 3 4694.96]32.60 17.90/553.65, 8.436.02469|.1186|
4 4 | 4806.46'33.38] 18.68/553.04' 8.250].02472].1212

per
Wy

Cubic Foot.
Temperature.

in Pounds
Js l Degrees F.

Weight of Liquid

£ SERES
¥ BREEE

&S
gs

41.135
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41.034
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588 5828 88

&
&

BEER 848

b

l
RRRRER BNR

|
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16

|

+

OO =W A0

* For values at temperatures higher than 100° F. see Wood’s
table on page 201.
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Wo0D’'S TABLE OF SATURATED AMMONIA—Continued.

Tempera- | Pressure, | |, [ . |55%. .59
tu‘:‘e‘ Absolute. £ {EE ‘gg_._-"é_ ;!S’égféiﬁg ':?t

—. - |— - | s|le -~ | - CE S as ¥
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Rl S| el el e
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] |= [ER=EPHETTETTETET RO 3
+5/465.66| 4920.1134.16|+19.46552.43| 8.070!.02475(_ 1240140 404' 45
6 6 | 50359513497 20.27551.81| 7.892/.02478| 1267,40.35 ' 6
TOT | 515399135790 21.00'551.19| 7.717.02480|.1296/40.3221 7
8 8 | 5274.28.36.63 21.93560.58 7.553 02483/ 124/40.274] 8
9| 9 | 5396833748 2278340 06| 7388 02486 125340225 9
+10470.66| 5521.71'38.34+-23.64/549.35| 7.229! .02490|.1383'40.160' +10
17| 5649.48 393 2453548 73) 7.075.02498( 1413 40.112) ' 11
12 2 | 57785014013 25.43548.11| 6.924.02496| 1444140064 12
13| 3 | 5910.52,41.04) 26.34'547.49| 6.786| 02409| 147410.016] 13
i 4 | 6044064198 27.28546.88) 6.632| 0250211507 39.968 14
+15(475.66| 6182.00/42.044-28.24(546.26| 6.401|.02505(.1541(39.920! +15
16| 6 | 6321.2143190| ' 20.20/545 63| 6.355| 02508 157339 872 ' 16
1 T | BMG24E 018 54001 620011 IO WK 1T
1 8 77l45.89| 31.19/544.30| 6.003|.02514|.1641/39.577 18
19 9 | 6754.9048.91| 322154374 5.966|.02517| 167639720 19
N0 S S 0+ B 1 o oA . Ity +20
2| 2 :33/50.00] 35.39/541.90| 5.605|.02521|.1784/39.572| 22
23 3 | 7370.27|51.13 36.48541.28| 5.488!.02520| 1822[30.541) 23
24| 4 | 7530.96/52.30 37.60/540.68| 5.378|.02533|.1860(39 470 24
+25|485.66| 7694.52 53.43|+38. 73/540.03| 5.270|.02536|.1897(39.432| +25
26 6 | 7860.84(54.59| '39.89/539 41| 5.163(.02539] 163 (39,386 ' 28
271 7 | 803016/55.76| 41.06538.78 5.068|.02542(.1971(39 339! 27
B 8| D02N00.05 42.90 58 16| 4.060 02545/ 20i639 202 28
S3TT.5658.17| 4347557 53] 4.868 02548 205939 246 29
+301490.66/ 8555.74/50. 42 +44.72,536.91 4.763/.02551. .‘39.200 +30
311" 8736.06(60.67| ' 45/97/536.28/ 4,664/ 02504 2142(39.115 ' 41
B 2| SU2L20619%) 47.255%.68) 4.577).02557) 2620 108 32
51 mIGE pESeimEN SR

. . . . . B [ .

+35/495.66| 9493.07165.92+-51.22/583.78| 4.314/.02568) .2315/38 940/ 435
368 6 | 9690.04/67.29' 52.59(538.13| 4.234|.02571|.2362/38.804| ' 36
87 7 | 9890.75(68.68) 53.0853252( 4.157|.02574| 2413/38.850, 37
2§ MBURE BRRRimeRiEm o
+40/500.06 1051110 ;i.£-+gg.m,%:$ 3:%. 02585 2554138684 +40
724 95(74. .781529.99| 318391 02588)2605/38.630 41
42 2 (10842 1807509 61:29(520 36| 3766 02591, 260033505 42
43) 3 [11162.93/77.52| 62182528 73| 3.695| 02504| 2706/33.560. 43
44 4 |L13¥7.21/79.08| 64.38 528 10| B.627| 0257|275 38.499, 44
+45/506.66(11615. 12(30.66 +65.96 527.47! 3.560..02600| 2809 38.461 +45
46 6 |11846.64/K2127!  67.57/526.03] 3.43].02603 2N6338 417, 46
47 7 |L2081.80(83.90. 69.20526.20| 3.428|.02606| .291% 38.373 47
48| 8 [12320.71|8556] 70.86/525.57| B.362.02600| 2974/38.328 48
49| 9 |12563.36(87.25 72.5652493] 31303 026123021 381288 49
+50(510.66( 12809, 91/8%.96|+74.26 524 30| 3.242.02616/.3084 38.226! +50
51" 1 |13080.21|90.70| ' 76.00 52366 3.182|.02620| 3145 38.167| ' 51
2 2 |IBU RG] 77058105 312106 301 3124 52
B3| 3 |13572.52(94'25! 79.55522.39 3.0691.02626|.3258 38 0R0 53
54 4 |13831°64196.07, 81.37521.76 3.012l.02620! 3220 38.037) 54
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Woou's TABLE OF SATURATED AMMONIA—Continued.

Tempera-| Pressure, | & |33 <28 [ge [BES
ture Absolute. | & |28 | »u|2° _‘Eg 388
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+65(515.66]14100.74| 97.92| +83.22(521.12/2.958/.02632|. 3380|37.984]| 55
o] 6 |14370.92| 99.80|  85.10(520.48(2.905|.02630|.344237.936] 56
571 7 |14645.18{101.70|  87.00(519.84(2.853|.02639|.850537.803| 57
58] 8 |14923.98/103.64] 88.94/519.20(2.802|.02643|.3568/37.835 58
59 9 |15206.28[105.60] 90.90{618.57(2.753|.02646|.83632/37.793| 59
+60|520.66(16493.00|107.59) +92.89517.93/2.705/.02651|.3697(37.736| +60
61| 1 [15784.23/109.61]  94.91(517.29(2.658|. .3762(37.678| 61
62| 2 [16079.67/111.66] 96.96(516.65(2.610|.02658|.83831:37.622| 62
63| 3 [16379.51(113.75 99.05/516.01|2.565|.02661).3898|37.579| 63
64| 4 |16683.75[115.86] 101.16|515.37]2.520|.02665(.3908/37.523| 64
+65525.66/16992.50|118.03|4-103.33/614.73/2.476| . .4039(37.481| +65
66| 6 [17805.70(120.18] 105.48|514.09/2.433(.02671(.4110|37.439| 66
67l 7 17623.45(122.38| 107.68|513.452.389(.02075(.4189/37.383| 67
68| 8 [17945.89(124.62| 109.92/512.81/2.351|.02678|.4254|37.341] 68
69 9 [18272.81|126.89] 112.19|512.162.310|.02682|.4329(37.285| 69
+170{530. 66| 18604 . 53129.19|+-114.49/511.5212.272|. 026861 .4401/37.280| +70
71 1 [18941.00|131.54| 116.84(510.87(2.233).02689).4479/37.188| 71
tol 2 [19282.21/133.90( 119.20(510.22(2.194|.02693|.4558/37.133| 72
73| 3 [19628.32(136.31] 121.61/509.582.163|.02697 37.079( 73
74| 4 |19979.22i138.74| 124.04(508.932.122|.02700{.4712|37.08%| T4
+175/535.66|20335.16(141.22) +w 52/508.29(2.057|.02703.4791/36.995| 475
16 6 06.00|143. 507.64/2.052(.02706|.4873(36. 954
7 7 |21061.85|146.26) ]31 56(506.99(2.017|.02710{.49567|36.900| 77
78| 8 [21432.82(148.84| 134.14/506.34/1.995|.02714(.5012(36.845] 78
79| 9 |21808.85(151.45| 136.75605.69|1.952.02717|.5123(36.805| 79
—+80|540.66/22190. 16(154 .10 +139.40|505. 05(1.921 .02721).5206(36.751| 80
81| 1 |22576.51/166.78| 142.08/504.40|1.889).02725/.5294(36.696| 81
%2| 2 [|22968.88(159.50| 144.80/503.75(1.858].02728].5382|36.657
83 3 ' 5.38|162.26| 147.56(603.10(1.827|.02732|.5473/36.603| 43
84| 4 [23767.81/165.05] 150.35/502.4b|1.799|. 5658(36.549 84
—+85|545.66(24175.61| 167,881+ 153.18/501 . 81|1. 770/ 02730 5649186..509| +-85
86| 6 |24588.921170.75| 156.05501.15(1.741(.02743(.5744/36.456| 86
87 7 |25007.80/173.66] 158.96/500.50(1.714].02747 36.407| 87
88| 8 |25432.16/176.61| 161.91/499.85|1.€87).02751|.5927|36.350] 88
89| 9 [25862.14/179.59| 164.89/499.20|1.660|.02754 36.311| &9
+90(550. 6626207 . 88(182.621+167.92/498.55/1. 634].02758 .6120|36.258| +90
91| 1 [26739.88|185.69| 170.99497.89/1.608(.02761(.6219{36.219] 91
92l 2 (27180.56|188.79| 174.09497.24(1.583(.02765/.631736.166| 92
93] 3 [27639.43|191.94| 177.24(496.59(1.558.02769|.6418/36.114| 93
o4 4 |28098.26(195.13] 180.43/495.94|1.534].02772).651836.075| 94
+95|555.66(28563. 00(198. 35|+ 183.65/495. 29/1. 510(.02776/.6622/36. +95
96| 6 |29033.86|201.62| 186.92(494.63(1.486/.02780|.6729(36.971| 96
97 20510.69|204.94|  190.:24{493.97|1.463(.02784/.06835(35.919] 97
98| 8  [29993.52|208.29| 193.59/493.32(1.442).02787|.6934/35.881 98
99 9 [30482.52(|211.68| 196.98492.66(1.419|.02791|.7047|35.829] 99

30977.78!215.124-200.42/492.01(1.398

.02795

.7153(85.778|+-100
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PROPERTIES OF SATURATED AMMONIA.V
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Pres : 5 1T |58
Temperature | 4/ ute. | S— | wa | .s 8o |3, §‘§
£ ] ¢ |88 | 85| g5 | &% |3~ |42
B B |sB. =8| 25| Ta 008
s s | S28) 2 wO [ |
x| g | F | % \CEEIFE|FE| Ji|c4l%E
£ 8 | g (%258 5B | 25|35 |28
Bls| g8 |38 2 5|k
d
< 2 L alm Sl
=40 | 420.66] 1540.9] 10.69] 570.67] 46.23 531.44) 24.37 | .0284 .0410
— 35 | 425.66| 1773.6 12'31) 576.60] 48.48| 528.21) 21.20 | .0236| .0467
— 30 | 430.66{ 2035.8| 14.13| 573.69| 48.77| 524.92 18.66 | 0231 .0535
— 25 | 435.66| 2329.5| 16.17| 570.68| 40.06| 521.62| 16.41 | .0238| .0609
— 20 | 440.66| 2657.5| 18.45| 567.67| 49.38| 518.20 14.48 | 0240| 069
— 15 | 445.66| 8022.5| 20.99| 56464/ 49.67| 514.97) 1281 | 0242] 0779
— 10 | 450.86| 3628.0| 23.77| 561.61| 49.99| 511.62( 11.36 | .0243( .0878
— 5| 455.66| 3877.2] 26.93| 558.56( 50.31| 508.25] 10.12 | .0244| 0988
0 | 460,64 4373.5| 30.37| 565.50| 50.68) 504.82| 9.04 | .0248) .1109
+ 5| 465.66| 4820.5| 34.17| 552.43| 50.84| 501.50| 8.06 | .0247 .1241
+ 10 | 47066| 5622.2| 38.55| 549 35| 51.13| 498.22) 7.23 | 0249 .1384
+ 15 | 475.66( 61824| 42.93| 546.26! 51.33| 494.93) 9.49 | .0250( 1540
+ 20 | 480.66| 6905.3| 47.95| 543.15| 51.61) 491.54| 5.84 | .0252| .1712
+ 25 | 435.66| 7695.2| 53.43| 540.03| 51.80| 488.28 5.26 | 0253| -1801
+ 80 | 400.66| 8556.6) 59.41| 536.92| 5201/ 484.91) 4.75 | 0254/ .
+ 85 | 495.66| 9493.9| 65.93| 533.78| 52.92 481.56| 4.31 | .0256
+ 40 | 500.66/10512 | 73.00| 530.63| 52.42| 478.21| 3.91
+ 45 | 505.66[11616 | 80.66| 527.47| 52.62| 474.85| 3.56
+ 50 | 510.66(12811 | 88.96| 524.30| 562.82| 471.48) 3.25 |.
+ 85 | 515.66(14102 | 97.93) 521.12| 53.01| 468.11) 296 |
+ 60 | 520.6615494 | 107.60| 517.93| 53.21| 464.72| 2.70 |
+ 6 | 525.66/16993 | 118.03| 514.73| 53.38| 461.35 2.45 | .
+ 70 | 530.66(18805 | 129.21| 511.52| 53.57 457.85| 2.27
+ 75 | 535.66/2033 | 141.25| 508 29| 53.76| 454.53 2.08
+ £0 | 540.66(22192 | 154.11) 504.66( 53 98| 450.70| 1.91
+ 85 | 545.66/24178 | 167.86| 501.81| 54.15) 447.66| 1.77 | .
+ 90 | 550.66/26300 | 182.8 | 498.11| 54.28) 443.83 1.64
+ 05 | 555.60/28665 | 198.37| 495.29] 54.41) 440.88| 1.51
4100 | 580.66|30980 | 215.14| 491.50| 54.54 436.96| 1.3
4105 | 565.66[33550 | 232.08| 488.72| 54.67) 434.08) 1289 .
+110 | 570.68,36284 | 251.97) 485.42] 54.78 430.64| 1.203|.
+115 | 575. 66'39188 272/14| 482.41| 54.91) 427.40) 1.12)] .
+120 | 580.66/42267 | 293.49| 478.79] 56.03] 423.75| 1.041)
+125 585‘664’3528 316.16 475.45| 55.09] 420.39) .9699| .0280,1. 0810
+130 | 590.66/48978 | 340.42| 472.11) 55.16| 416.04 9051 .02011.1
1150 | 500:00/5050 | 36518 466.75| 50.22| 413.53| odot| 000811804
+140 | 600.66/56483 | 392.221 465.39 55.20 410.00| 70101 .0295(1.2642
+145 | 805.6660550 | 420 49| 462.01) 55.34| 40667 7408 :0207|1 3497
+150 | 610.66/64833 | 450.20| 458.62) 55.30| 402.23 .6046] 0299]1.4396
+155 | 615.66/69341 | 481.54| 465.221 55.43 399.79] 6511 .0302(1.5858
+160 | 620.66/74086 | 514.40! 451 81| 55.46| 308.35| 6128 |0304/1.6318
+165 | 625.6670071 | 549.04| 448.30| 55.48 302.04| .5765| .0306|1.7344

The critical pressure of ammonia is 115 atmospheres, the

critical temperature at 130°

(calculated).

. (Dewar), critical volume .00482
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TABLE OF AMMONIA GAS (SUPER‘HEATED VAPOR).
Temperature in Degrees F.

3.
a"‘30510157302530354045
£x |

No. of Cu. Ft., v, Approximately Contained in 1 Lb. of Gas.

15 1 18.81 | 19.03] 19.20| 19.48] 19.08' 19.87] 20.08 20.25]‘20.544 20.74
16 17.56 | 17.85) 18.09{ 18.24] 18.43 18.52) 18.81 18.9019.20 | 19.44
17 | 16.60 | 16.70| 16.96| 17.08 17.28| 17.48] 17.66] 17.85:18.09 | 18.31
18| 1558 | 15.84] 15.98] 16.12| 16.52) 16.51] 16.70| 16,89 17.08 | 17.32
19| 14.78 | 14.97 15.16] 16.26) 15.45, 15.64 15.84) 15.9316.12 | 16.36
20 | 14.01 | 14.25 14.40] 14.49] 14.68 14.88) 14.97] 15.1616.36 | 15.58
21| 13.34 | 13.58] 13.63] 13.82] 14.01 14.11] 14.30] 14.4014.50 | 14.80
212,70 | 12.86) 13.05] 13.15] 13 34| 13.41) 13.63) 13.7213.92 | 14.12
231 12.19 | 12.28] 12.48] 12.57] 12.76| 12.86] 13.05| 13.1513.34 | 13.54
24| 1071 | 11.80] 11.90] 12.00| 12.19] 12.38] 12.48] 12.5712.76 | 12.96
2102 | 1034 1042 1061 11.71) 1180/ 10.90| 12 0912.19 | 12.38
26| 10.75 | 10.84) 11.04] 1013 11.23 11.32] 11.62] 11.6110.71 | 11.85
271036 | 10.46] 10.56] 10.75] 10.81] 10.94 11.04) 11.2311.82 | 11.45
28
20
30
31
32
33
34

9.98 | 10.08| 10.17| 10.36] 10.46| 10.56] 10.65| 10.7510.84 | 10.94
9.60 | 9.69 9.79 9.98| 10.08 10.17) 10.27| 10.3610.46 | 10.57
9.2120| 9.30) 10.46| 9.60| 9.69 9.79| 9.98 10.0810.17 | 10.27
Cosss | 9.12) 9.21 9.31) 9.0 9.50] 9.60 9.69: 9.80 | 9.91
8.93 9.02| 9.12) 9.Z1] 9.31] 9.40 9.50 | 9.61
8.64) 8.78 .83 8.91) 9.02] 9.11 9.21| 9.31
. 9.35 8.49) 8.54| 8.64 8.73 8.83 8.92| 9.02
35 8.16) 8.25 8.35 8.44| 8.5 8.64 8.64 | 8.7
3 ...l T T 506 8.16 8.24 8.35 8.44 | 8.55
7.8 7.67 T.87 7.96| 8.06) 8.16 8.26 | 8.36

38 T8 .58 7.68) 7.77) 7.7 7.4 7.98 | 8.05
39 . do. 7.39 T.48 7T.48 T7.58 7.68 7.77| 7.87
40 AR 7.20 7.2, 7.39| .89 7.4% 7.58 ) 7.68
1 . o] oo 1100 %200 7200 7.29 39| 7.49

1 i

40 o) 681 691 7.000 T.100 7.10 7.20| 7.30
] 8.72l 681 6.91) T.00 T.08| 7.18
...... 6.52 6.62] 6.52| 681 6.91| %.10

... 6.43 6.52 6.62| 6.62 6.72| 6.82
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TEMPERATURE AND VOLUME OF STEAM

at different pressures, calculated from the

experiments of Regnault, etc.

o4 2 |84 ge || g4 g
a8 . &3 a8 . =3 a0 I
=i .|| v=4 PO ==
o= L |2235 | e38|L |22% 9= |y |25
>58 | 5 28 || =8 | 5 a3 1 28a | 3 no e
Qo | v . S .S o™ | & .. < .8 o | S . L
SN N ECE MO | SH | WO O = v-og
S5\ 5|65 | 32k | &5 | 56T |cEk 5%
Las | B | 276 | Ras | 8= | g8 || kas | 8w | £0
seo | H ge || 222 | 8 ge || 222 | § g
2ch o | Q8o |28 o | Q859|252 |0 |89
685 | |2E2 | 8By | (382 88y |® |BE:
f<a 8 ad 2 a<d 53
o o - o
0 |212 [1.640 | 44 |201 | 448 88 |330 | 2604
1 (215 | 1,544 || 45 [202 | 439 89 |330 | 261
2 (219 (1,456 || 46 |208 | 432 90 | 331 | 258
3 |22 (1,318 | 41 |205 | 426 91 |33 | 26
4 1224|1310 || 48 |206 | 419 92 | 333 | 254
5 |2 | L7 | 49 |27 | 413 93 333 | 252
6 1280 | 1,19 || 50 |208 | 407 94 |33 | 250
7 |22 |1,138 || 51 |29 | 401 95 (334 | 248
8 1235 (1,089 (| 52 |300 | 3% 96 |83 | 246
9 237 | 1,048 58 | 301 | 387 97 | 336 244
0| 230 1,008 | 54 |802 | 384 98 | 336 | 242
11 | 241 | 969 || 56 |303 | 319 99 | 337 | 240
12 |24 | 938 || 56 |304 | 374 || 100 |338 | 238
13 |246 | 904.| 57 |305 | 360 || 102 |33 | 234
14 | 248 | 875 || 58 305 | 364 || 104 [340 | 280
15 250 | 846 || 59 |306 | 360 | 105 |[341 | 228
16 |22 | 80 || 60 |37 | 365 || 106 |84 | 226
17 |23 | 796 || 61 1308 | 350 || 108 |343 | 223
18 |25 | 774 | 62 (309 | 846 | 110 |344 | 220
19 |257 | 743 || 63 (310 | 32 | 15 | 347 | 212
20 |29 | 752 || 64 |31 | 338 | 120 |30 | 208
21 (20 | 718 || 65 312 | 834 | 125 |33 | 197
22 262 | 604 | 66 330 | 180 |55 | 190
23 |24 | 676 || 67 |314 | 36 || 136 358 | 184
24 |25 | 660 | 68 |314 | 3% | 140 |361 | 179
2 1267 | 644 | 69 |35 | 319 || 145 |363 | 174
26 (268 | 630 | 70 [316 | 315 | 150 |[366 | 169
27 (210 | e | T (817 | 312 | I 310 | 159
28 |2 80z || 72 |38 | 309 || 170 |35 | 15
20 (212 | 580 || 73 |318 | 306 | 180 |38 | 144
30 |24 | 576 | T4 319 | 302 | 190 (384 | 138
3L 216 | 564 | 7 (30 | 200 | 200 (388 | 1382
32 |27 | 553 || 76 321 | 208 || 200 |39 | 126
83 |28 ! 542 || 77 |322 | 208 || 220 |3%6 | 121
3¢ 219 | a2 || 78 (a2 | 200 || 230 (30 | 116
35 281 | 521 || 79 828 | 287 || 240 |403 | 112
36 |28 | 512 || 80 [324 | 284 || 250 |406 | 108
37 |283 | 508 || 81 |32 | 282 || 260 |409 | 104
38 |284 | 404 || 82 |32 | 209 | 200 |413 | 1ol
39 | 285 | 48 | 83 326 | 276 || 280 |416 98
40 (288 | 476 || 84 |[327 | 203 | 200 | 419 9
41 (288 | 468 | & |38 | 211 2
42 | 280 | 460 || 86 378 | 268
43 200 | 453 || 87 |20 | 266
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HEAD OF WATER AND EQUIVALENT PRESS-
URE IN POUNDS PER SQUARE INCH.

| |
Head Head Head Head Head

in ft. Press. in ft. Press. in ft. Press. in ft. Press. in ft_‘Press.
1 0.43 || 41 |17.75 | 81 | 35.08 || 121 | 52.41 161 | 69.74
2 0.86 || 42 [18.19 | &2 |85.52 122 | 52.84 || 162 | 70.17
3 1.30 || 43 | 18.62 | 83 |[35.95 | 123 | 53.28 {| 163 | 70.61
4 1.73 || 44 |19.05(f 84 |36.39 124 | 53.71 164 | 71.04
5 2.16 || 46 [19.49 || 8 |36.82 (| .12h | 54.15 || 165 | T1.47
6 2.59 || 46 | 19.92 || 88 |37.25 126 | 64.58 || 166 | 71.91
1 3.03 || 47 | 20.35 || 87 |387.68 127 | 55.01 167 | 72.84
8 3.46 || 48 [20.79 || 88 (388.12 || 128 | 55.44 || 168 | 72.77
9 3.80 || 40 |21.22 (| 89 | 38.56 || 129 | 55.88 || 169 | 73.20
10 4.33 1| 50 |21.65( 90 |39.98 | 130 | 56.31 170 | 73.64
11 4.76 | 51 |[22.00 | 91 |89.42 || 131 | 56.74 || 171 | 74.07
12 5.20 | 52 [22.52 || 92 |39.85 || 132 | 57.18 | 172 | 74.50
13 5.63 || 63 | 22.95|| 93 | 40.28 133 | 57.61 193 | 7¢.94
14 6.06 || 54 | 23.39 || 94 |40.72 | 134 | 58.04 174 | 16.37
15 6.49 || 55 [23.82 | 9 |41.15 135 | 58.48 || 176 | 75.80
16 6.93| 56 | 24.26 || 96 | 41.58 || 136 | 58.91 176 | 76.23
17 7.36 || 57 |24.69 || 97 |42.01 || 137 | 59.34 177 | 76.67
18 7791 58 |25.12 || 98 | 42.45 || 138 | 59.717 178 | 77.10
19 8.22 || b9 | 25.55 42.88 139 | 60.21 || 179 | 77.53
20 8.66 || 60 |25.99 || 100 | 43.31 140 | 60.64 180 | 77.97
21 9.09 || 61 |26.42 || 101 | 43.75 || 141 | 61.07 || 181 | 78.40
22 9.53 [ 62 | 26.85 || 102 | 44.18 || 142 | 61.51 182 | 78.84
23 9.96 || 63 |27.29 (| 103 | 44.61 1 61.94 183 | 79.27
24 | 10.39 || 64 | 27.72 || 104 | 45.05 144 | 62.37 || 184 | 79.70
25 | 10.82 || 65 |28.15 ) 106 | 45.48 || 145 | 62.81 185 | 80.14
11.26 28.58 || 108 | 45.91 146 | 63.24 186 | 80.567

27 | 11.69 || 67 | 29.02 || 107 | 46.34 147 | 63.67 || 187 | 81.
28 | 12.12 || 68 |29.45 || 108 | 46.7 148 | 64.10 || 188 | 81.43
20 | 12.55 || 69 | 29.88 ([ 109 | 47.21 149 | 64.564 || 189 | 81.87
30 | 12.99 || 70 |30.32 || 110 | 47.64 150 | 64.97 || 190 | 82.3
31 | 13.42 )| 71 |80.75 ([ 111 | 48.08 || 161 | 65.49 (| 191 | 82.73

32 | 13.86 || 72 |31.18 || 112 | 48.51 152 | 65.84 || 192 | 83.

33 | 14.29 ) 13 | 31, 113 | 48.94 || 1 66.27 193 | 83.
34 | 14.7 4 114 | 490.38 || 154 | 66.70 || 194 | 84.03
35 | 15.16 || 15 115 | 49.81 155 | 67.14 |} 195 | 84.47
36 | 15.59 || 76 116 | 50.24 || 156 | 67.57 || 196 | 84.90
37 |16.02 || 117 | 50.68 || 157 | 68.00 || 197 | 85.33
38 | 16.45( 18 118 | 51.11 1 68.43 (| 198 | 85,7
39 | 16.89 1| 79 119 | 51.54 || 159 | 68.87 199 | 86.20
40 | 17.32 || 89 120 | 51.98 || 160 | 69.31 200 | 86.63
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CAPACITIES OF DOUBLE-SUCTION CENTRI-
FUGAL PUMPS.
(HEALD & SISCO PATENTS.)

é Sisoof Bi .8 sg. g |«
120 01 I ~ ot b T =
&3 Recommended. S; gq.g. 'gg §§ %"
35 as S28E[ 35 .| g= (=
T < j ENEIRCHART %
2= | £ ] 28 |SRO| 885 | fg. | 22
ad =] = 5] 2. o g i ] Bas
2| 2| 3 22 23553~ 1g5s |82
N z o . —_a | 8 =
7o & a 8= THE ARE | R oR | g~
No. 1% 2 2 50 to 70 024 7x 8| 20x32 250
1y 2% 2 7to 100 | .037 7x 8| 20x32 | 300
3 215 | 110to 150 | .054] 8x 8| 26x35| B0V
2% 3% 3 176to 250 | .086] 8x 8 | 26x35 550
3 4 3% | 250to 350 | .124| 8x 8| 27x38| 575
4 5 44 450to 600 [ .223) 10x10 | 33xd0 | £00
5 6 5 750to 900 | .372| 15x12 | 37x49 | 1,300
6 8 6 1,000 to 1.400 | .496( 15x12 | 43x51 | 1,450
8 | 10 8 1,700 to 2,200 20x12 | 62x61 | 2,190
10 | 12 10 2,200 to 8,000 | 1.093| 24x12 | 57x73 | 3,000
12| 16 12 3.000to 4,000 | 1.49 | 30x14 | 69x82 | 5,000
15 | 18 15 4,800 to 6,000 | 2.38 | 40x15 | £9x78 | 8,000
18 1 2 18 7,500 to 10,000 40x15 | 90x80 | 9,000

CAPACITIES OF STANDARD HORIZONTAL
CENTRIFUGAL PUMPS.

. =R ") L= N
£ = 3348 252 8 s
g g Egs .| &3 | 85 g
= D 4 g'.ﬂ 2 Bens gg . 05 d =
- ZEE | 83£%| §%a | @58 |25%| S
° = Q35| 887 559 gﬁ!’g S
S 835 |NEwd| =85 | 388 (228 ¢
Z Oc.": ) o~ oo Qk‘ = fatalsl ﬁ -9 P
1% 50 to 70 0% 6x 6 17x 30 168 1%
134 75to 100 .037 x 8 21x 83 232 1%
2 110to 150 054 8x 8 23x 37 306 | 2
2% 1% to 250 .086 8x 8 24x 38 348 2%
3 250 to 350 124 8x 8 2x 39 400 3
3 450 to 600 223 10x10 30x 40 545 4
5 750 to 900 .372 15x12 34x 54 826 5
6 1,000 to 1,400 496 | 15x12 37x 55 95| 6
8 1,700 to 2,200 844 | 20x12 46x 63 | 1500 | 8

10 2,200 to 3,000 1.093 24x12 51x 71 | 2,170 | 10
12 3,000 to 4,000 1.49 30x14 62x 78 | 3,000 | 12
15 4,800 to 6,000 2.38 40x15 77x 80 | 7,100 | 15
*15 4,800 to 6,000 2.88 30x15 60x 68 | 3,150 | *15
18 7,500 to 10,000 3.73 40x15 93x103 | 9,000 | 13
*18 7.500 to 10,000 3.73 30x16 62x 70 | 3.500 | *I8
22 12,000 to 14,000 5.96 48x20 126x130 | 12,000 | 22

* Refers to low-lift pump.
; 1Thle number of pump is also diameter of discharge opening
u inches.
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many the Reaumur scale is the one generally adopted.

and treatises, the Celsius scale is uniformi
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DIAMETERS, AREAS AND CIRCUMFERENCES

OF CIRCLES.
TR - R AR

gf| 55 | g8 [ ag| 88| o8 |ed| 88 | g4
39 §'S Lo |l 28 85 be | S% 85 | B
RE 55‘ <w ||AS 55 <a |R§ 55 2
1 3.141591 0.78540 | 4 12.5664 | 12.566 | 8 25.1327| 50.265
s | 3.33794] 0.88664,| ,; [12.7627 | 12.962 g | 25 622%4| 51.849
13 | 3.58429, 0.99402| !5 |12 1 | 13.364 i | %.9181| 53.466
% | 8.73064 1.1076 & (13.1564 | 13.772 | Y% | 26.3108| 55.088
1y | 3.92699) 1.2272 || 14 [13.3518 | 14.186 Y, | 26.7035| 56.745
s | 4.12334 1.3530 5 |13.5481 | 14.607 % | 27.0962| 58.426
d5 | 4.31969 1.4849 3% [13.7445 | 16.033 | % | 27.4880 60.132
Ve | 4.51604; 1.6230 e [13.9408 | 15.466 T | 27.8816| 61.862
Y% | 4.71234| 1.7671 Y% [14.1372 | 15.904 | 9 28.2743| 63.617
Yo | 4.908741 1.9175 || 5 |14.3335 | 16.349 1g | 28.6670| 65.397
28 | 5.10509( 2.0739 || 3% .5299 | 16.£800 | 14 | 29.0597| 67.201
13 | 5.30144| 2. 13 [14.7262 257 % | 29.4624| 69.029
% 5.49779; 2.4053 % |14.9226 | 17.%21 | 3% | 29.8451) 70.882
1§ | 5.69414| 2.5802 Q 15.1189 190 | % | 30.2378| 72.760
% | 5.80049| 2.7612 % (15.3153 | 18.665 | 3 | 30.6305| V4.

1§ | 6.08684] 2.9488 || 1% (15.5116 | 19.147 | 7% | 31.0232| 76.589
2 6.28319| 3.1416 || 5 15.7080 | 19.635 |10 31.4159| 78.540
s | 6.47958| 3.3410 {‘a 15.9043 | 20.129 | !4 | 32.2013| 82.516
lg | 6.67588] 3.5466 g (16.1007 | 20.629 | 1% | 32.9867| 86.590
Y | 6.87223) 8.7583 Y [16.2970 | 21,185 | % | 33.7721] 90.%63
Y% | 7.06858| 3.9761 34 [16.4934 | 21.648 (11 34.5576| 95.033
55 | T.26493) 4.2000 || 5 [16.6897 | 22.166 | 14 | 85.3429| 99.402
3 | 7.46128| 4.4301 35 |16.8861 | 22.691 3 | 36.1283|103.87
fe | 7.65763| 4.6664 e |17.0824 | 23.221 % | 36.9137]108.43
Yo | 7.85398| 4.9087 Y% |17.2788 | 23.758 (12 37.6991/113.10
95 | 8.06033| 5.1572 || ¥ |17.4751 | 24.301 13 | 38.4845/117.86
% | 8.24668| 5.4119 % 17 6715 | 24.850 | 14 | 39.2699|122.72
13 | 8.44303| 5.6727 || }4 [17.8678 | 25.406 | 3 | 40.0563(127.68
% | 8.63938) 5.9806 || % 18.0642 25.967 |13 40.8407|132.73
i3 | 8.83573| 6.2126 ;ﬁi 18.2606 | 26.535 | 14 | 41.6261|137.89
75 | 9.03208| 6.4918 18.4569 | 27.109 Yo | 42.41156(143.14
13 | 9.22843] 6.7771 18 |(18.6532 | 27.688 | 3 | 43.1969|148.49
3 9.42478| 7.0686 || 6 18.8496 | 28.274 |14 43.9823/153.94
s | 9.62113| 7.3662 1 [19.2423 | 20.465 | 14 | 44.7677(159.48
1z | 9.81748| 7.6699 14 [19.6350 | 30.680 | % | 45.5531/165.13
% [10.0138 | 7.9798 % [20.0277 | 31.919 | % | 46.3385({170.87
14 [10.2102 | 8.2958 Y% 120.4204 | 33.183 (15 47.1239(176.71
Y [10.4065 | 8.6179 || 3% 20 8131 | 34.472 14| 47.9003(182.65
% [10.€029 | 8.9462 % 2058 | 35.785 Y% | 48.6947/188.69
7o 110.7992 | 9.2806 % Zl 5084 | 87.122 | X | 49.4801(194.83
Y% (10.9956 | 9.6211 || 7 21.9911 | 38.485 (16 50.2655! A)l 06

5 111919 | 970678 || 15 (223888 | 39871 | 3 | 51.

5 ({11.3883 10.321 1 |22.7765 | 41.282 Yo | 51.8363|213.
13 [11.5846 |10.680 3% (23.1692 | 42.718 | 3 | 52.6217(220.35
% (117810 (10045 || v [23.5619 | 44.179 [17 | 53.4071226.98
1 |1.9772 |11.416 2y 123.9546 | 45.064 1| 54.1925\233.91
(12,1937 [11.793 3243478 | 47.173 Yo | 54.9779,240.53
13 [12.3700 (12.177 7% |24 .T400 l 48.907 % | 65.7633|247.45
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Diameters, Areas and Circumferences of Circles.—Con.

. Yt o - . . Yt . .
. w <] ) N3 w .o
v | B9 o5 ] o 8o 45
§5) 32 | &7 |53 52028 | B
RE| Z8 | <¥ | A% RE| EE | %

18 56.5487) 254.47 | 32 46 144.513 | 1661.9
14 | 67.3341] 21.59 % 1 [145.299 ; 1680.0

58.1195 268 80 L Yo |146.084 | 1698.2
3% | 568.9049 276.12 35 [146.869 | 1716.5

19 59.6903! 283.53 | 33 47 147.650 | 19319
% 60.4757! 281.04 A 14 [148.440 | 1383.5
A 61.2611| 298.65 L Y |149.226 | 1772.)
34 62.0465] 306.35 4 3¢ (150.011 | 1790.8

P 62.8319| 314.16 (3¢ 150.796 | 1809 6
14 | 63.6173| 322.06 4 11 |151.582 | 1828.5
1% | 64.4026! 330.06 Y 1o [152.367 | 1847.5
3 | 66.1880] 338.16 % 34 [153.1548 | 1866.5

2 65.9734| 346.36 |35 49 153.938 | 1885.7
14 ) 66.7588| 354.66 4 4 [154.723 | 1905.0
L, | 67.5442| 363.05 Yo 15 [155.509 | 1924.2
34 58.3296| 371.54 J A 3 [166.294 | 1943.9

2 69.1150| 380.13 He 50 157.080 | 1963.5
14 | 69.9004| 388.82 13 1 (157.865 | 1983.2
Y | T0.6858| 397.61 Y, [158.650 | 2003.0
3 | V1 4712 406.49 % 3 [159.436 | 2022.8

23 T2.2566| 415.48 |37 51 160.221 | 2042.8
I 73.0420| 424.5 4 1, 1161.007 | 2062.9
s | 13.8274| 433.74 Y% te 1161.792 | 2083.1
3% | T4.6128! 443.01 i 3% 162 577 3.

24 75.3982| 452.39 52 163.

4 76.1836| 461.86 14 1 1164.148
Yo | 76.9690| 471.44 Y% Y. 164.934
¥ | T.7544] 481.11 3 1166.719

25 78.5398| 490.87 |39 166.504
1, | 79.3252| 500.74 4 Y% |167.290
16 | €0.1106| 510.71 Ye L 1168.075
3% | 80.8960! 520.7 A 3 [168.861

26 81.6814| 630.93 (|40 54 169.646
1 82.4668| 541.19 P2 1 1170.431
Y 83.2522 551.556 % 5 [1171.217
%a | 84.0376| 562.0 35 1172.002

27 84.8230 572.56 ||41 172.788
14 | 85.6084 5&:’3."1 %4 ¢

604. %

28 87.9646| 615.75 |42 Bt 175.929
3y 75000 626.80 || 14 y 176715
Y% 89.5354| 637.94 Ya Y (177.

90.3208| 649.18 % 3{ 1178.285

29 91.1062! 660.52 |43 b7 179.071
4 91.8916| 671.9¢ 15 14 1179.866
va | 92.6790 49 1% 1% 1180.642
34| 93.4624| 695.13 M % ilsl 427

30 94.2478| 706.86 |i44 58 182.212
14 95.0332] T18.64 4 1, (182,998
L4 95.8186) 730.62 % Yo |183.783
£ 96.6040! T42.64 1 184,569

a.
185,354
: 1 186,139
142.942 [1626.0 || 16 (186925 | 2780.
1430728 (164309 || 3 [187.70 | 2803.9
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Diameters, Areas and Circumferences of Circles.— Con.

Circumf.
Inches

3 32 300. 2

. 066 8 234 359. 278.031
.(6; . 8. 273.31(;
. 235. K .602
1 [192.423 | 2046.5 | 14 [236.405 | 4447.4 200. 387
[l |Bwas | a [Brin | et % [

i [193. 04 . {|237.976 | 4506.7 | 3 [281.95
62 |194.799 | 3019.1 176" [238.761 | 4536.5 | 90 |282.743
(195,564 | 3043.5 |y 1239546 | 4566.4 | 34 283,629
bl | Beee | s BT Akl et

4 ¢ > | 3092, 4 |241. 526 . 285,
63 [197.920 | 317.2 7T [241.903 | 4656.6 |91 285, 883
Ly [198.706 | 3142.0 | 1y 1242.688 | 4686.9 || 1 [286.670
Yo (199.491 | 3166.9 | 1p 243473 | 4717.3 | 1o 287.456
% [200.277 | 3190.9 | 37 [244.259 | 47478 l 3 |288.241
64 1201.062 | 33.0 58 [245.044 | 4778.4 || 927 [280.027
1a |201.847 | 3242.2 | 15 245.830 | 4809.0 || 15 [2%9.812
Y 1202.633 | B267.5 || 16 |246.615 | 4830.8 || 5 [200.597

% [203.418 | 32028 || 3 [247.400 | 4870.7 || 3; [291.:
204.204 | 3318.3 1|79 J186 | 4901.7 || 93~ 1202168
1 1204980 | 8343.9 (| 15 [248.071 | 4932.7 || 14 [292.954
" i % (240,757 | 40639 | 15 |203.739
3 5 3% |250.542 | 4995.2 || 3 [294.524
66 251.827 | 5026.5 || 94 |295.310
14 252.113 | 5038.0 Il 15 [296.095
% i5 [252.808 | 5080.6 | 15 |296.881

% 35 |258.684 | 51212 | 3 (297
67 254.469 | 5153.0 || 95 [208.451
1 Yo |265.254 | 5184.9 || 14 299,237
by 1% 1256.040 | 5216.8 | 14 (300.022
=A 3 |256.823 | 6248.9 || 3 807
68 2 257.611 | 5281.0 || 96 1301.593
1 1 . |258.396 | 5313.3 || 14 [302.378
A o [259.181 | 5345.6 || 14 (303.164
tH 3% [259.967 | 5318.1 || 3 [303.949
69 260.752 | 5410.6 || 97 |304.734

21.538 | 6443.3 || 13 [305.520
262 . 306305
3 0| 263.108 | 5508.8 || % [307.001
0 [209.911 | 38485 %4 [263.204 | 53418 || 98 [307.876
ly (20,697 | 8T6.0 | 14 [264.679 | 5574.8 || 14 [308.661
Yo 2210482 | 39036 265.465 | 5607.9 ||  i4 309447
L35 12220268 | 39314 | 3 [266.200 | 5641.2 || 3¢ [310.232
T |2230053 | 39592 85 [967.085 | 5674.5 || 99 |311.018
(223888 | B08T 1| 1y 26T | BT0T.9 || 14 (3110803
e 1224624 | 4015.2 15 |268.606 | 57416 || 4 [312.58N
LB (220409 | 40483 1 3 (2607892 | 5TT61 || 3 1313374
T2 (226,195 | 40315 86 [250.177 | BSOS.N 100 |314.159

RS
=
&
g
¥
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=
(=1
BN

230. . 2
% 1281692 | 42718 ' 37 1335675 | 6047.6 |
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