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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-
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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.

(oooo¢>@)

6" Center tocenter of/a z‘zae/.S‘-

'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



34 PRACTICAL ICE MAKING

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
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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
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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-



AND REFRIGERATING. 47

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
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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
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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
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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



84 PRACTICAL ICE MAKING

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-



90 PRACTICAL ICE MAKING

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
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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-