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PREFACE
The author is of the opinion that the past litera-

ture relating to the absorption system of refrigeration

is quite too fragmentary and technical to be easily

pieced together or properly understood except by those

who, through their own practical experience, are

already well versed on the subject.

While many have a good general knowledge of the

compression refrigerating system, but few seem to

have such a knowledge of the absorption system, due

probably to the fact that simple, practical literature

on the subject was not available.

The author acknowledges the great value of much
excellent work along this line by his brother engineers,

and hopes that this addition to absorption machine

literature may be of value to such engineers as well

as to those not so well versed on the subject. It is

wrong to attempt to understand the absorption system

without first laying a proper foundation for such un-

derstanding. With the few broad, simple, underlying

principles of the absorption system well in mind one

should then easily understand the absorption refriger-

ating apparatus.

In this work the general principles of refrigeration

are first given in a simple, practical, popular way, and

it is then shown how the absorption machine is a heat

compression machine, as compared with the mechan-

ical compression machine of the compression appara-

tus. By not starting in with a complete diagram of

the assembled parts of an absorption system, as is

usually done, but instead by taking up each part and

its functions, step by step, and then assembling them
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in like manner, illustrating and explaining each step

by original drawings and descriptions, as it is done in

this work, it should be quite easy to obtain a firm

grasp of the construction and operation of the complete

absorption system in its several modified forms.

All the principal parts of the various makes of

absorption machines are impartially shown and de-

scribed without reference by name to any particular

make of machine.

Practical operating instructions derived from the

author's long experience and from his many exhaust-

ive tests are given which should in many cases enable

owners or operators of absorption machines to greatly

increase T:he capacity and economy of their plants.

It is believed that a careful study of this work will

enable anyone, whether he be a layman or an engineer,

to become well versed on the construction and opera-

tion of absorption refrigerating machines.

The author invited all the well known builders of

absorption machines, in the United States, to furnish

illustrations and brief original descriptions of their

machines. Such matter as has been so contributed

forms part of the appendix to this work and has not

been altered or edited by the author.

GARDNER T. VOORHEES.
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THE ABSORPTION
REFRIGERATING MACHINE

CHAPTER I.

General Principles Underlying the Process of Mechanical
Refrigeration—Raising or Lowering the Boiling Point
of a Fluid—Heat Interchange—Latent Heat of Vapori-
zation—Specific Heat—Absolute Pressure and Gauge
Pressure—The Simple Volatile Liquid Refrigerating
Machine.

Over fifty years ago, in tlie year 1858, Ferdinand

('arr6 of France invented the absorption refrigerating

machine. Not the absorption machine as we know it

today, but its broad principle. Before many years had

passed Carr6 had so improved and perfected his ma-

chine that it was then but little different in general

principles and operation from some of the well known

absorption machines of today. The broad principle

upon which the absorption machine depends for its

operation is that water absorbs ammonia gas at a low

temperature and pressure and releases this ammonia

gas again at a high temperature and pressure.

The fundamental principle of all volatile liquid re-

frigerating machines, to which class the absorption ma-

chine belongs, lies in the physical law that when the

pressure of a liquid is increased, the temperature of its

boiling point is raised, and when the pressure of a liquid

is reduced the temperature of its boiling point is

lowered.

A familiar example of this is that a longer time than

usual is required to cook an egg in boiling water on the
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top of a high mountain, as in the air on the mountain

top the atmospheric pressure is less than at the sea level,

and so the water on the mountain top does not have as

high a boiling point as its sea level boiling point of

212° P.

The boiling point of a substance or the temperature

at which a liquid boils to a vapor, and the condensing

point of a substance or the temperature at which a vapor

is condensed to a liquid, are identical.

If a substance is exposed in its liquid state to a

temperature greater than that of its boiling point, its

temperature will increase until its boiling point is

reached ; then its temperature remains constant and the

liquid boils or evaporates into a vapor at that tem-

perature.

If the substance is exposed in its gaseous state to a

temperature below that of its condensing point it will

be cooled from the gaseous state to that of a vapor and

the vapor will be condensed at a constant temperature

to a liquid at that temperature.

A vapor is the gaseous state of a substance at the

temperature of its condensing point, and a gas is a

superheated vapor or a vapor at a temperature greater

than that of its condensing point.

In the broad principle of raising or lowering the

boiling or condensing point of a substance by raising or

lowering its pressure we have the basic principle of all

volatile liquid refrigerating machines, and all that any

of these machines accomplishes is to raise the heat head

of the refrigerating fluid so that it is higher than the

heat head of an available supply of condensing water.

Heat, like water or electricity, will not flow up hill

without the aid of outside energy. Therefore we must
flrst use energy to make the heat flow up hill as, say

from 10° to 90°, and when we have the heat on a hill

a little higher than that on which the condensing water

is, the heat will, of its own accord, flow dovm hill to
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the lower level of the condensing water. In simpler

terms, we have from the second law of Thermodynamics

that heat will not, unaided, flow from a cold to a hot

body. Heat and cold are only relative terms, for while

one body may be cold to another body it may be hot to

a third body. For example, a piece of ice is cold to a

hot stove, but hot to anhydrous ammonia at atmos-

pheric pressure. One should not speak of taking the

cold out of a body, as it is more proper to say taking

the heat out of a body.

To discharge heat into condensing water the heat

must be discharged from a temperature or heat head

higher or greater than the heat head or temperature of

the hottest condensing water. For example, if we have

condensing water at a temperature of 70° to the con-

denser and 80° from the condenser, we must discharge

heat into the condensing water, as from the ammonia

to be condensed from a temperature greater than 80°,

as say 90°, which 90° is the condensing temperature of

the ammonia and gives a condensing pressure corre-

sponding thereto as per the ammonia table.

It is easier to fully grasp this simple principle by

firmly instilling into one's mind that ammonia or any

other volatile liquid will act, in most respects, as will

water under parallel conditions as to its boiling and

condensing point and otherwise. Just as we are sure

that water will not of itself flow backwards or up over

a dam in a river, we may be sure that heat will not of

itself flow backwards up over a dam from a cold tem-

perature to a hot temperature any more than will elec-

tricity of itself at one voltage flow backwards up over

a dam to a place of higher voltage.

So if we have a substance from which to extract

heat, as say from water to be frozen, we must provide

a lower plane of temperature than the freezing tem-

perature of the water, to dump its heat into. As water

freezes at 32° F. we can only freeze it by exposing it
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to a temperature below 33° P., and it is to obtain this

low temperature plane that the use of a volatile liquid

is required, which, at available pressures, has a low

temperature boiling point.

Another broad principle and we have nearly all that

must be known to understand the operation of either

the compression or the absorption machine. That prin-

ciple relates to the latent heat of vaporization. When
a liquid substance changes its form to a vapor or a vapor

substance changes its form to a liquid, there must be

put into the substance or taken from it a certain fixed

quantity of heat called the latent heat of vaporization

or condensation. Heat is measured like so many quarts

of water, only in figuring heat our measure is the

British thermal unit—^hereinafter called B. T. IT. This

heat measure, or heat unit, is the measure of the quan-

tity of heat that is required to heat one pound of water

through one degree Fahrenheit, as from 60° to 61°.

In heating one pound of water from 50° to 60° we
put ten measures, or ten B. T. U., into the water and

in cooling the one pound of water from 60° to 50° we
take out ten measures of heat, or ten B. T. U., from the

water. The heat that must be added to a pound of

liquid to turn it into vapor or the heat that must be

taken from a pound of vapor to turn it into a liquid

is called the latent heat of vaporization or condensation,

and is at a given pressure the same quantity whether the

liquid is turned into a vapor or the vapor turned into a

liquid except, of course, the latent heat is added to the

substance to turn it into a vapor and taken from it to

get it back into a liquid again at the same pressure.

We have already seen that it takes one heat unit

added or subtracted to heat or cool one pound of water

through one degree Fahrenheit of temperature. Like-

wise, approximately, 100 heat units must be added to

one pound of water to heat it through a range of 100°,

or 100 heat units subtracted from the water to cool it
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through a range of 100° of temperature. This quantity

of heat, the quantity to heat or cool a pound of a sub-

stance through a range of one degree Fahrenheit, is

called the specific heat of the substance.

The specific heat of water is one, that is, one B. T.

U. is required to heat one pound of water through one

degree Fahrenheit. Other substances have different

specific heats, which are usually less than that of water,

but all specific heats of all substances are referred to

the specific heat of water, the specific heat of water

being the standard measure for all other specific heats.

If we know the specific heat of a substance to be 0.5

we know that to heat or cool one pound of that sub-

stance through 1° F. requires 0.5 B. T. U. or just half

as much heat as if it were water.

Having it firmly fixed in mind what a heat unit,

or B. T. U., is, we are in a better position to compre-

hend what a vast quantity of heat goes to make up the

latent heat of vaporization or condensation. Eemem-
bering that the specific heat of water is one B. T. U.,

then at atmospheric pressure the latent heat of vapori-

zation or condensation of one pound of water, that is

the number of B. T. U. that must be added to one

pound of water to evaporate it into steam, or the num-

ber of B. T. TJ. that must be subtracted from a pound

of steam to condense it to a pound of water, is approxi-

mately 1,000 B. T. U. In other words, as much heat

must be added to change one pound of water at its

boiling point of 212° into one pound of steam at 212°

as would be required to heat one pound of water through

a range of 1,000 degrees of temperature, or 1,000

pounds of water through one degree of temperature.

Likewise 1,000 B. T. U. must be taken from one pound

of steam at 212° and at atmospheric pressure to con-

dense it to one pound of water at 212°.

This quantity of heat (the latent heat of vaporiza-

tion or condensation) is a fixed quantity for any sub-
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stance at a given pressure, and it is greater in value

for lower pressures than for higher pressures, as can

be seen from an examination of the steam and am-

monia tables.

Substances other than water have other values of

latent heat or vaporization and condensation, usually

less than that of water. At atmospheric pressure anhy-

drous ammonia has a latent heat of vaporization or

condensation of approximately 555 B. T. U. So that if

one pound of steam were condensed to water by evapo-

rating anhydrous ammonia, nearly two pounds of anhy-

drous ammonia would be evaporated thereby. Prom
the above we see that our great agent for doing refrig-

eration is the latent heat of vaporization.

The refrigerant liquid, as anhydrous ammonia, is

simply a carrier of heat. A cart is backed up under a

chute and is filled with dirt; the dirt is carried away
by the cart and dumped and the cart is brought back

and gets another load of dirt. Likewise a pound of

ammonia has a load of heat dumped into it from the

substance being cooled, as from water being frozen or

from any substance being cooled, whether a dead body
in a morgue or a pint of cream being frozen into ice

cream. The ammonia carries the load of heat and dumps
it into the condensing water and then the ammonia re-

turns for another load of heat. The horse, through its

energy, pulled the cart of dirt up hill to the dump, and
also through its energy brought back the empty cart

for another load of dirt. Energy in the refrigerating

machine pulled or pushed the ammonia with its load

of heat to the condensing water dump and returned

the ammonia for another load of heat.

Another broad principle is that any gas occupies

space almost inversely proportional to its absolute

pressure. Absolute pressure is the pressure above a

perfect vacuum, which is gauge pressure in pounds per
"square inch plus the weight of the atmosphere or 14.7
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pounds per square inch. Unless otherwise noted all

pressures hereafter given are gauge pressures in pounds

per square inch. For example, a given weight of gas

at thirty pounds absolute pressure, equal approximately

to fifteen pounds gauge pressure, occupies one-half the

space that it would at the same temperature at ap-

proximately fifteen pounds absolute pressure, or zero

pounds gauge pressure.

Also a given weight of a gas occupies space almost

directly proportional to its absolute temperature. Abso-

lute temperature being the temperature taken from

absolute zero or the thermometer temperature plus 461°

F. For example, a given weight of gas at 0° F., 461°

absolute temperature, occupies only one-half as much
space at the same pressure as it would at 461° F. or

923° absolute temperature. Vapor or gas may be

likened to a sponge or a piece of rubber. The sponge

or piece of rubber occupies less space if it is squeezed

than if it is not squeezed, so likewise does a gas or

a vapor. The hot air balloon is a good example of the

lighter weight of a given volume of hot air as com-

pared with its surrounding body of colder air.

The elementary volatile liquid refrigerating ma-

chine can be divided into three elements: First, the

refrigerator wherein the volatile liquid boils and evap-

orates and takes up the latent heat of vaporization

from a substance to be cooled, by having the volatile

liquid's vapor loaded up with heat from the substance

to be cooled and so cooling that substance; second, the

compressor which takes in the vapor from the refriger-

ator at the refrigerator pressure and compresses it to

the condenser pressure and discharges it into the con-

denser, through the medium of energy expended in so

doing; third, the condenser wherein the compressed

vapor parts with its load of heat by dumping it into

the condensing water, thereby heating the condensing

water and becoming liquefied.
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From what has gone before one should readily

imagine the refrigerator as being an ammonia boiler

in which the volatile liquid, as anhydrous ammonia,

takes up its heat load as it is boiled from a liquid into

a vapor by the heat given to it and so taken from the

substance being cooled. The condenser liquefies the

vapor after it has been compressed by a compressor

located in a pipe circuit between the refrigerator and

the condenser. Here, in the condenser, the ammonia
vapor dumps its load of heat into the condensing water

thereby heating the condensing water and the result-

ant liquefied vapor or liquid ammonia is then passed

on to the refrigerator again to pick up another load

of heat.

The compressor is nearly as simple in action as the

refrigerator and condenser. If a hollow rubber ball

with a hole in it is squeezed it will be compressed and

the air that was in it will be expelled and when the

ball is relieved of the pressure air will flow into it and
this new charge of air in the ball would then be com-
pressed and discharged through the hole by giving the

ball another squeeze. If the ball were squeezed and
if the hole in the ball were connected to the vapor out-

let of the refrigerator and the pressure on the ball then

removed, the ammonia vapor from the refrigerator

would flow into and fill the ball. Now if the ball were

removed and the hole in it connected to the gas inlet

to the condenser and the ball squeezed again, the

ammonia vapor in the ball would be compressed and
discharged into the condenser. We now have, in gen-

eral, the broad principles of operation of a volatile

liquid refrigerating machine.
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CHAPTEE II.

The Simple Compression Machine and the Simple Ab-
sorption Machine—The Intermittent Absorption Ma-
chine—Historical Facts Regarding The Discovery of
Principles that Led to the Invention of the Absorp-
tion Refrigerating Machine—Faraday's Tube—Modified
Forms of the Simple Absorption Refrigerating Ap-
paratus—Diagrams Illustrating the Operation of an In-

termittent Machine,

In Fig. 1 a diagram of a simple mechanical com-

pression machine is shown. Liquid anhydrous am-

monia at 90° F., and 170 pounds pressure per square

inch flows from the condenser past the expansion valve

into the refrigerator, where its pressure is reduced to

fifteen pounds gauge and its temperature to 0° F.

Brine from a spray pipe flows over the outer surface

of the refrigerator and is reduced in temperature from
20° to 10°. This 20° and 10° brine is in effect the

fire that boils the ammonia liquid and changes it,

through adding to it the latent heat of vaporization,

to a vapor in the refrigerator. The heat flows downhill

from the hotter 20-degree and lO-degree brine to the

colder 0-degree ammonia. The ammonia vapor is so

formed by being loaded up with the latent heat of

vaporization, this heat being that which is removed from

the brine in cooling it from 20° to 10°. The ammonia

vapor formed in the refrigerator now flows from the

refrigerator to the compressor through the suction pipe,

as indicated by the arrows, past the suction valve, and

as the piston retreats from the vapor inlet the vapor

follows it and fills the cylinder. Next the piston re-

verses its motion and through the mechanical energy
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given to the piston, from any desired source, as from

a steam engine, it compresses the vapor in the cylinder

and so closes the suction valve and gradually increases

the pressure of the vapor (now gas because it is hotter

than a vapor due to the heat of compression, to be

discussed at length later) until the pressure of the gas

in the cylinder has reached the condenser pressure of

170 pounds, at which point the pressure in the cylinder

opens the discharge valve and the piston forces the

compressed gas out of the cylinder, past the discharge

valve, and through the discharge pipe, as shown by the

arrows, into the condenser.

The condenser is provided with a spray pipe that

allows water to flow over the outer surface of the con-

denser; this condensing water is heated from 70° to 80°

in first cooling the gas from the condenser to 90°, its

condensing point at 170 pounds pressure, and then con-

densing the 90-degree ammonia vapor to ammonia
liquid at 90° and 170 pounds pressure. Here, in the

condenser, the load of heat taken up by the ammonia
vapor in the refrigerator, plus the heat due to its com-

pression, is dumped into the condensing water, thereby

heating the condensing water, or raising its temperature

from 70° to 80°. The ammonia in the condenser now
being reduced to a liquid through the extraction from

the vapor of the latent heat of condensation again flows

past the expansion valve to the refrigerator and the

cycle is repeated.

By this time the reader is doubtless thinking that

this book should be called the compression refrigerating

machine and not the aborption refrigerating machine,

and in this he is nearly correct, for generally and
broadly speaking, the absorption machine is a com-

pression machine, only the compression of the vapor

between the refrigerator and the condenser in the

absorption machine is accomplished in a different man-
ner from that already described.
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The compression machine jnst described is a me-

chanical compression machine, the compression of the

vapor between the refrigerator and the condenser being

accomplished through the direct expenditure of me-

chanical energy applied through the piston. The ab-

sorption machine is a heat compression machine where-

by the vapor from the refrigerator is taken in and

compressed and discharged into the condenser through

the direct expenditure of heat energy, as such, applied

through the equivalent of the piston.

It may be well to look into the relative values of

mechanical energy and heat energy. The measure of

mechanical energy is the foot-pound, that is one pound

raised one foot in one minute. And 33,000 foot pounds

per minute is a horse power, that is, 33,000 pounds

raised one foot in one minute or one pound raised

33,000 feet in one minute, or 330 pounds raised 100

feet in one minute is one horse power.

One heat unit, or one B. T. U., equals 778 foot

pounds and this figure, 778 foot pounds, is called the

mechanical equivalent of heat. So one horse power in

heat units is equal to 33,000 foot pounds divided by

778 foot pounds, which equals 42+ B. T. TJ. In other

words, if one pound of water be heated through 43°-(-

or two pounds through 21°-|- or forty-two pounds

through 1°-|- in one minute, the heat energy used in

S(v doing is 43+ B. T. U., which equals 33,000 foot

pounds of mechanical energy per minute, which equals

one horse power.

Referring again to Fig. 1, and paying particular

attention to the mechanical compressor, it will be

noticed that the movement of the piston can be divided

into two separate actions, first, the suction stroke of

the piston and, second, the compression stroke of the

piston.

'Everything in the simple absorption machine is

like that in the simple compression machine except the
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compressor, which in the absorption machine I have

called the heat compressor and in the compression

machine, the mechanical compressor. The equivalent

of the suction stroke of the compression machine is the

absorber of the absorption machine and the equivalent

of the compression stroke of the compression machine

is the still, or generator of the absorption machine^

We have already seen that heat will expand the

volume of a body. The mercurial thermometer is a

familiar example, the mercury expands by heating and

contracts by cooling. It is easy to imagine that if a

body were confined and heated, as it could not then in-

crease its volume, it would therefore increase its pres-

sure. If a given volume of gas is heated its pressure

is increased. In the mechanical compressor when ex-

ternal mechanical energy is applied to the piston to

compress the gas, this mechanical energy heats the gas

in compressing it. Conversely, if the cylinder full of

gas had been heated by heat directly applied in place

of being compressed by mechanical energy it would

have been compressed by heat energy. So if the piston

of Fig. 1 were removed and the cylinder first cooled

and then heated, the gas in the cylinder would alter-

nately be drawn in from the refrigerator and dis-

charged into the condenser.

Water has a great attraction for ammonia gas and
will absorb a great quantity of it at a low pressure and
temperature and then give it out again at a high

temperature and pressure. If we consider that water

is made up of a great number of little balls of liquid,

we can also imagine that these little balls of water have
voids or spaces between them just as lead bullets in a

barrel would have.

If we had a barrel full of lead bullets the voids or

spaces between the bullets would be filled with air, and
if we heated the barrel of bullets we would also heat the
air in the voids or spaces and would so compress and
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expel some of the air from these voids or spaces between

the bullets. We can imagine that water and ammonia,

commonly called aqua ammonia, will act somewhat in

the same way; that if aqua ammonia is cooled it will

take in more ammonia gas to fill the little spaces be-

tween the little water balls, and if heated, part of the

ammonia gas in these voids or spaces between the water

balls will be compressed and expelled from the aqua

ammonia just as the air between the lead bullets was

compressed and partly expelled when we heated the

lead bullets.

The simple heat compression machine or absorption

machine is shown in Fig. 2. Here we see that the

condenser, refrigerator, expansion, suction and dis-

charge valves and pipes leading to and from the com-

pressor, are the same as in the simple mechanical com-

pressor of Fig. 1. And the action and operation in

Fig. 2 is exactly like that in Fig. 1, except as to the

method of operation of the compressor.

In Fig. 2 liquid ammonia flows from the condenser

at 90° and 170 pounds past the expansion valve into

the refrigerator, where its pressure is reduced to fifteen

pounds and its temperature to zero degrees. And the

liquid ammonia changes to a vapor in the refrigerator

in taking in the latent heat of vaporization to cool the

brine from 20° to 10° and this vapor flows from the

refrigerator through the suction pipe, as indicated by

the arrows, past the suction valve to the heat com-

pressor. Here the heat compressor is like the me-

chanical compressor, except that the piston is removed

and a coil of pipe substituted therefor. The piston was

the direct means for mechanical compression and the

coil of pipe is the direct means for heat compression.

Referring to Fig. 2 it will be seen that the space sur-

rounding the pipe coil in the vessel, like the cylinder

of Fig. 1, is filled with say twenty-five per cent aqua

ammonia, that is, a solution of ammonia gas in water
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that is twenty-five per cent by weight of ammonia and

seventy-five per cent by weight of water.

The ammonia vapor from the refrigerator flows

past the suction valve, as indicated by the arrows,

through the pipe leading from the refrigerator to the

heat compressor and then forces itself into the twenty-

five per cent aqua ammonia, called weak liquor, through

the little holes in the bottom of the heat compressor.

This action occurs because the twenty-five per cent

weak liquor at its temperature of 110° F. and pressure

of fifteen pounds, has a capacity for holding more than

twenty-five per cent of ammonia, and so absorbs the

gas. The ammonia vapor bubbles up through the weak

liquor and is absorbed by it, but in so doing it gen-

erates what is called "the latent heat of absorption,"

which heat, if not removed from the weak liquor,

would shortly heat the weak liquor and raise its tem-

perature so it could not absorb any more ammonia

vapor. To take care of this heat of absorption, cooling

water is circulated through the coil. This cooling

water, so circulated, enters the coil at say 80° and

leaves it at 90° in taking up the heat of absorption.

The heat flows down hill from 110° weak liquor to the

80° or 90° cooling water. The weak liquor now con-

tinues to absorb ammonia vapor from the refrigerator

until it has taken all it will hold at fifteen pounds

pressure and 110°, which is thirty-five per cent, so that

the weak liquor has now increased its load of am-

monia from twenty-five per cent to thirty-five per cent

;

the latter, or thirty-five per cent liquor, is called the

strong liquor.

Here we see that this absorption action through the

cooling effect of the coil in the heat compressor is ex-

actly like the suction stroke of the mechanical com-

pressor through its piston.

When the aqua ammonia has absorbed all the am-
monia it can at the refrigerator Or absorber pressure of
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fifteen pounds and a temperature of 110°, it is, as be-

fore stated, strong liquor. At this point the cooling

water is shut off from the coil in the heat compressor

and steam at say forty pounds pressure and 286° is

passed into the coil. This steam condenses in the coil

by letting its latent heat of condensation flow to the

110° strong liquor. This heat raises the temperature

of the strong liquor and so also increases its pressure so

that the suction valve closes and the pressure in the

heat compressor gradually rises from fifteen pounds to

170 pounds. When 170 pounds pressure has been

reached in the heat compressor the discharge valve is

forced open by this pressure and the ammonia gas, and

some water vapor (to be discussed at length later) is

distilled from the strong liquor by having the heat of

disassociation- added to the gas so formed, and this am-

monia gas at 170 pounds pressure then flows past the

discharge valve through the discharge pipe, as indicated

by the arrows, into the condenser, where it is cooled to

a vapor at 90° and 170 pounds pressure, and is con-

densed into a liquid at 90° and 170 pounds pressure

by giving up its heat of condensation to the condensing

water.

The condensing water flowing over the outer surface

of the condenser from the spray pipe takes up this

heat of condensation in being heated from 70° to 80°,

as before explained, and the liquid ammonia from the

condenser now flows past the expansion valve to the

refrigerator to repeat the above cycle.

In the meantime the temperature of the aqua am-

monia in the heat compressor has risen from 110° to

255°. At this temperature the aqua ammonia has dis-

tilled off ammonia gas so as to have reduced its strength

from thirty-five per cent to twenty-five per cent. Or it

has changed from a strong liquor to a weak liquor.

Here it is apparent that the coil with steam in it has

acted like the piston of the mechanical compressor and
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has compressed the gas through heat energy from fif-

teen pounds to 170 pounds and at the same time re-

duced the strength of the aqua ammonia from thirty-

five per cent to twenty-five per cent. Now the steam

is shut off from the coil and the cooling water is again

circulated through the coil, so that the weak liquor is

again cooled down to 110° and as this cooling of the

weak liquor progresses, the discharge valve closes and

as the pressure in the heat compressor gradually falls

from 170 pounds to fifteen pounds pressure, the suction

valve opens again and more ammonia vapor from the

refrigerator flows into and is absorbed by the weak

liquor, until it is strong liquor again and the heat com-

pression process is repeated.

This heat compressor, Fig. 2, the author has called

the absorber-generator. Here again it is observed that

the absorber action is equal in effect to the suction

stroke of the mechanical compressor and the generator

action is equal in effect to the compression stroke of

the mechanical compressor. The absorption machine

just described is what is known as the intermittent ma-

chine. In the continuous absorption machine the ab-

sorber-generator is divided into two units called the

absorber and the generator and a new element called

the liquor pump is added.

Before turning our attention from the intermittent

absorption machine to the continuous absorption ma-
chine, a further study of the intermittent machine in

its simplest form and in some of its modified forms and

a brief historical mention of its early conception will

be of interest. Although Ferdinand Carre invented the

absorption machine in 1859, I desire, without attempt-

ing to detract from the great credit due to Carre, to

touch on a few historical facts that would seem to show

that Carre was more the adapter of principles already

discovered than the originator of such principles. "On
the 5th of March, 1823, Dr. John A. Paris, who was
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the biographer of Sir Humphrey Davy, had occasion to

call on Sir Humphrey and after having concluded his

call he looked up Sir Humphrey's assistant, Michael

Faraday, in his laboratory at the Eoyal Physical So-

ciety in London.

"Faraday was experimenting with hydrate of

chlorine, which was being heated in closed glass tubes.

Dr. Paris noted some drops of dark oily looking sub-

stance in one of the tubes and called Faraday's atten-

tion to it and criticised him for not using cleaner tubes.

Faraday admitted the fault and taking a file broke the

fuse point of the tube, with the result that there was a

slight explosion and the drops of oily matter vanished

from the tube. Both Faraday and Dr. Paris were much
puzzled and mystified, as neither could explain the

explosion or the disappearance of the oily looking

dropp. The next morning Dr. Paris received the fol-

lowing letter:

"Dear Sir:
"The oil you noticed yesterday turns out to be

liquid chlorine. Yours faithfully,

"Michael Faraday."

That letter startled the world with the newly dis-

covered fact that gases could be liquefied. Thus Far-

aday laid the cornerstone of one of the most useful

principles of modem science and the great principle

upon which the liquefiable gas refrigerating machines

of today depend for their operation.

Faraday further discovered that chloride of silver

would absorb ammonia and that upon being heated in

one end of a closed bent glass tube, the other end of

which was immersed in salt and ice, liquefied ammonia

would be condensed from the ammonia vapor in the

cooled end of the tube. He further discovered that

upon removal of the ammonia end of the tube from

the ice and salt, and upon cooling the chloride of sil-

ver end of the tube, the liquid ammonia would boil
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in one end of the tube and its vapor would be re-

absorbed in the chloride of silver end of the tube.

Also, that the end of the tube in which the ammonia

boiled was intensely cold and colder by far than the

temperature of the ice and salt mixture. This was the

first experimental liquefiable gas refrigerating machine

and was the forerunner of and involved the great

broad principles of the well known absorption and

compression machines of today.

In Figs. 3 and 4 are shown modified forms of Fara-

day's tube as an absorption machine. In each figure

is shown a bent tube and each end of the tube is shown

provided with a spray pipe that can spray a heating or

cooling fluid on the end of the tube under it.

FIG. 3.

—

Faraday's tube as generator and condenser.

In Fig. 3, the left-hand end of the tube is filled

with strong ac[ua ammonia, say thirty-five per cent by

weight of ammonia and sixty-five per cent of water.

The spray pipe sprays hot chloride of calcium brine,

at say 286°, onto this end of the tube. The thirty-

five per cent ammonia in the tube will be heated and
ammonia vapor will be distilled over into the other

end, as shown by the arrows. The heating fluid is thus

cooled from 3C6° to, say, 266° F. in evaporating the

ammonia to vapor at, say, 255° F. The right-hand

end of the tube has 70° water sprayed over it from its

spray pipe and this water cools and condenses the am-
monia vapor to liquid ammonia at, say, 90° and 170

pounds pressure. The condensing water is heated to
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80° F. in so doing. This process goes on until the

thirty-five per cent aqua in the left-hand end of the

tube is reduced to twenty-five per cent aqua, then the

operation is changed as shown in Fig. 4. Now a spray

pipe sprays 20-degree brine over the right-hand end

of the tube of Fig. 4 and this brine is cooled to 10°

F. by evaporating the ammonia at 0° F. and fifteen

pounds pressure. The ammonia vapor so formed passes

as shown by the arrows into the left-hand end of the

tube and is absorbed by the weak liquor therein. The

heat of absorption so generated is taken out by cooling

water sprayed over the left-hand end of the tube,

which water is heated from 80° to 90° in so doing.

This process continues until the aqua ammonia in the

FIG. 4.

—

Faraday's tube as absorber and refrigerator.

left-hand end of the tube is strengthened from twenty-

five per cent to thirty-five per cent, and then the

process as described and shown in Figs. 3 and 4 are

alternately repeated.

It is evident that the left-hand end of the tube in

Fig. 3 was a generator and the right-hand end a eon-

denser, and that the left-hand end of the tube in Fig.

4 was an absorber and the right-hand end a refrig-

erator. This tube, as shown in Figs. 3 and 4, is the

simplest form of absorption refrigerating machine (the

intermittent form. )

Now to adapt this simplest form to the form of ap-

paratus shown in Fig. 2, see Fig. 5, which is divided

into two parts, 5a and 5b. The apparatus of 5a is
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the same as 5b, except that it is used for a different

purpose.

The operation of 5b is almost exactly like that

of Fig. 3, and of 5a is almost exactly like that of

Fig. 4, and both Figs. 5a and 5b are quite similar to

Fig. 2.

In Fig. 5b the generator is first filled with thirty-

five per cent aqua, then steam is passed through the

coil and distills off the ammonia vapor into the con-

denser, as shown by the arrows, wherein it is condensed

at, say, 90° and 170 pounds pressure by the cooling

action of the condensing water from the spray pipe,

the condensing water being heated in so doing from

70° to 80°. When the strength of the aqua in the

generator has been reduced to twenty-five per cent, the

action as shown in Fig. 5a takes place.

Brine at 20° F. is sprayed on the refrigerator,

which was the condenser of Fig. 5b, and is cooled to

10° F. by evaporating the ammonia in the refrigerator

to a vapor at, say, 0° F. and fifteen pounds pressure.

The vapor so formed fiows as indicated by the arrows

from the refrigerator and up through the little holes

in the bottom of the absorber (which was the gene-

rator of Fig. 5b) and up into the aqua and is absorbed

therein. The heat of absorption caused thereby is

taken out by the cooling water passed through the

coil, which water is heated from 80° to 90° in so

doing. When the strength of the aqua in the absorber

has been increased to thirty-five per cent the process

of Fig. 5b is repeated.

It is evident that the generator in Fig. 5b is the

same apparatus as the absorber of Fig. 5a and that

the refrigerator of Fig. 5a is the same apparatus as the

condenser of Fig. 5b. In other words, the low pres-

sure apparatus, or the refrigerator and absorber of

Fig. 5a is ]ust the same as the high pressure ap-

paratus or condenser and generator of Fig. 5b. The
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only difference between these two figures is in the

method of operating. The low pressure apparatus of

Fig. 5a takes in heat in the refrigerator and gives it

out in the absorber, while the high pressure apparatus

in Fig. r)B takes in heat in the generator and gives it

out in the condenser. The heat taken in in the low

pressure apparatus does useful work in doing refrig-

eration, and the heat taken in in the high pressure

apparatus does useful work in getting the ammonia

in a proper condition to again do useful refrigeration

in the low pressure apparatus. The process of re-

frigeration is still intermittent and it must be stopped

long enough to enable the distilling process to get the

ammonia into proper condition to again do refrig-

eration.
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CHAPTER III.

Simple Continuous Atsorptlon Refrigerating Machine
Without Liquor Pump—Simple Continuous Machine
With Liquor Pump and (Aqua) Regulating Valve.

If we combine Pigs. 5a and 5b with certain modifi-

cations of the pipes, and connect the condenser to the

refrigerator with a pipe provided with an expansion

valve, as sliown in Pig. 6, we have advanced a step

toward the modern absorption machine.

There is also seen a close resemblance in Fig. 6

to Pig. 3, the difEerenee being that in Fig. 6 there are

two heat compressors or absorber-generators, in place

of the single one of Fig. 2. The operation of the ap-

paratus shown in Fig. 6, the simplest form of con-

tinuous absorption machine, is as follows: Anhydrous

ammonia at 90° P. and 170 pounds pressure flows

from the condenser into the refrigerator, past the ex-

pansion valve, as indicated by the arrows, where its

pressure is reduced to fifteen pounds. The liquid am-

monia in the refrigerator is evaporated at 0° and fif-

teen pounds pressure to a vapor by the heat taken up

from the brine flowing over the refrigerator and so

cooling the brine from 20° to 10°. The vapor so

formed in the refrigerator flows, as indicated by the

arrows (full line arrows), into the left-hand absorber-

generator, which now acts as an absorber. The vapor

is absorbed in this absorber at fifteen pounds pressure

and its heat of absorption is taken up by the cooling

water in the coil, the cooling water being heated from
80° to 90°. At the start 25 per cent aqua ammonia
is in the left-hand absorber-generator, or absorber,
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and it gradually strengthens up to 35 per cent as it

continues to absorb ammonia vapor from the re-

frigerator.

In the meantime, however, the right-hand absorber-

generator, or generator, started up with 35 per cent

aqua ammonia in it and steam passing through its heat-

ing coil is condensed and so disassociates the aqua am-

monia in it. The ammonia vapor so formed flows from

this right-hand absorber-generator, or generator, as in-

dicated by the arrows (full line arrows), to the con-

denser wherein it is condensed to a liquid at 90° and

170 pounds pressure by the action of the condensing

water flowing over the condenser, which heats the con-

densing water from 70° to 80°. This process con-

tinues in the right-hand absorber-generator, or gene-

rator, until the aqua therein is reduced from 35 per

cent to 25 per cent aqua.

IS^ext tlie right-hand absorber-generator has cooling

water in place of steam circulated through its coil and

it becomes an absorber, and the left-hand absorber-

generator has steam in place of cooling water circu-

lated in its coil and it so becomes a generator, and

the process just described is again repeated, the check

valves preventing the backward flow of gas, and the

dotted arrows showing the flow of gas during this

second part of the process.

This second part of the process is continued until

the strong aqua in the absorber-generator, now used

as a generator, is reduced to weak liquor again, and

until the weak aqua in the absorber-generator, now

used as an absorber, is built up to strong aqua again,

at which point the action of the absorber-generator is

again reversed and the first part of the process again

repeated.

Here it is apparent that the operation of the re-

frigerator and condenser of Fig. 6 is continuous, but

that the action of the absorber-generators is intermit-
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tent. Machines of the type just described are now

(1908) used and manufactured in England to some

extent.

It is evident that the machine of Fig. 6, which

may be called the continuous absorption machine

without liquor pump, is open to the objection that

personal attention is required to open and shut such

necessary valves as will cause the absorber-generators

at the proper times to act as absorbers or as generators.

If now the apparatus shown in Pig. 6 be still further

modified by taking out some pipes and putting in

some others and by adding a new element called a

liquor pump, we will have the simplest form of con-

tinuous absorption machine, as shown in Fig. 7. Here

it will be noted that the left-hand absorber-generator

of Fig. 6 is now the absorber of Fig. 7, without any

modifications whatsoever; while the right-hand ab-

sorber-generator of Fig. 6 has, by omitting the gas

passage to its bottom, become the generator of Fig.

7. The check valves of Fig. 6 are omitted in Fig. 7,

and another new element, the regulating valve, is also

added.

This regulating valve has a similar function to

that of the expansion valve. The operation of this

simplest form of continuous absorption machine with

liquor pump (Fig. 7) is as follows: Liquid ammonia

at 90° and 170 pounds pressure flows from the con-

denser, as indicated by the arrows, through the short

pipe and past the expansion valve, where it has its

pressure reduced to fifteen pounds. The liquid am-

monia at fifteen pounds pressure boils at 0° in the

refrigerator and is vaporized by taking up the heat

from the brine, which flows over the refrigerator, thus

cooling the brine from 20° to 10°. The vapor so

formed flows from the refrigerator, as indicated by the

arrows, to the bottom of the absorber, where it enters

it through the little holes in its bottom and bubbles
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up in tlic aqua therein, wherein it is absorbed at fif-

teen pounds pressure; the heat of absorption being

taken up by the cooling water which circulates through

its coil and which heats the water from 80° to 90° F.

The strong 35 per cent, 110°, fifteen-pound pressure,

aqua now flows from the bottom of the absorber, as

indicated by the arrows, past the suction valve into the

cylinder of the liquor pump. Now the piston of the

liquor pump recedes until a cylinder full of strong

liquor from the absorber is drawn in, then the piston

reverses its motion (the piston is reciprocated by any

desired means of power) and the strong aqua is dis-

charged at 170 pounds pressure past the discharge

\alve and, as shown by the arrows, into the generator.

In the generator the strong aqua is heated by con-

densing the steam in the heating coil and is reduced

to 25 per cent, 255° aqua. This weak aqua now flows

from the generator because of its 170 pounds pressure,

past the regulating valve into the 15-pound pressure

absorber, as shown by the arrows.

The ammonia vapor formed in the generator from

reducing the strong to the weak aqua, flows as indi-

cated by the arrows into the condenser, wherein it is

cooled and condensed to a liquid at 90° and 170 pounds

pressure by the cooling action of the condensing water

flowing over the condenser, so that the condensing

water is heated from 70° to 80°. The condensed

vapor in the condenser is now a liquid and ready to

repeat the cycle just described over again.

Here in Fig. 7 we have the continuous absorption

machine cycle with a liquor pump which forms the

basis of all the well known absorption machines. Few
elements will now be added to the apparatus shown

in Fig. 7, but they will only so modify it as to pro-

duce more ca.pac,Hy or ccoEomy-
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CHAPTEE IV.

Weak Liquor Cooler—Cooling Weak Aqua Before it Enters
Absorber—Operation and Advantage of Cooler.

Eeferring again to Fig. 7 it will be noticed that

the weak liquor entering the absorber is very hot, hav-

ing a temperature of 355° P. Now in order to have

the weak 35 per cent aqua in condition to become 35

per cent aqua, it is necessary to cool the aqua from 355°

to 110°. It is evident that the weak aqua may, if de-

sired, be so cooled before it enters the absorber. This

can be done in a simple coil of pipe and leads us to a

new element, the weak liquor- cooler. This is shown

in Fig. 8, which is a reproduction of Fig. 7, with

the difference that the absorber and generator are far-

ther apart and a part of the pipe that conducts the

weak liquor from the generator to the absorber lead-

ing from the generator to the absorber is exposed to

the cooling action of water delivered from a spray

pipe as shown. This water, which may be a part of

the 80-degree water from the condenser, cools the weak

liquor from 355° to 110° and thus the water is heated

from 80° to say 100° in so doing. In Fig. 8 the

operation is exactly the same as was described in Fig.

7, except as follows: The weak 35 per cent aqua

flows from the generator at 355° and 170 pounds pres-

sure up the pipe as indicated by the arrows, and
through the weak liquor cooler, where it is cooled to

110° by the cooling water flowing from the spray pipe

and over the surface of the weak liquor cooler, the

cooling water being heated, in so doing, from 80° to
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say 100°. The cool 110°, 25 per cent aqua ammonia

at 170 pounds pressure now flows past the regulating

valve where its pressure is reduced from 170 to fifteen

pounds. It enters the absorber and in flowing down

through the absorber it gradually absorbs more and

more ammonia gas until it becomes 35 per cent aqua

at 110° and fifteen pounds pressure. Here the cooling

coil of the absorber takes out only the heat of absorp-

tion and not the heat to cool the aqua from 255° to

110° and also the heat of absorption as was the case

in Fig. 7. It is also noticed that the hot weak liquor

is cooled on the high pressure side of the regulating

valve, as otherwise the hot weak liquor would form

gas on having its pressure reduced, should the pres-

sure of the hot weak liquor be reduced before it

became cool weak liquor.
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CHAPTEE V.

The Exchanger—Ratio of Weights of Strong Liquor to

Weak Liquor and Anhydrous Ammonia—Unequal
Heating or Cooling Range of Strong and Weak Liquor
—The Real Value of an Exchanger.

As we analyze what occurred in the action de-

scribed in Chapter IV, we see that we are throwing

away a great deal of useful heat at the weak-liquor

cooler that might be saved, and which would so re-

duce the heat required in the generator and therefore

the quantity of steam to be used in the generator.

We notice, referring again to Fig. 7, that we have hot

weak liquor of 355° entering the absorber, whereas

we desire it to be cold weak liquor. We also notice

that we have cold 110° strong liquor entering the gen-

erator, whereas we desire hot strong liquor to enter

the generator. Now why not exchange this heat and

put it, or at least a large part of it, where we want

it and where it will do good, and so use less surface

in the weak liquor cooler or use no weak liquor cooler

at all, and also save steam in the generator? In other

words, exchange the heat from the liquor in which

less heat is wanted to the liquor in which more heat

is wanted, as from the hot weak liquor to the cold

strong liquor, thereby making the hot weak liquor

colder and the cold strong liquor hotter. All that is

necessary to accomplish this is to expose these two

liquors, the one to the other, on opposite sides of a

heat exchanging surface as on the inside, and on the

outside of a coil of pipe.
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Referring now to Fig. 9, this is like Fig. 8 with

the exception that the pipe, in Fig. 8, leading from

the liquor pump to the generator, is enlarged and

modified so as to enclose a portion of the pipe, of

Fig. 8, that there led from the generator to the ab-

sorber. The general operation of Fig. 9 is much the

same as that of Fig. 8. The strong liquor flows di-

rectly from the pump to the generator and the weak

liquor flows directly from the generator to the ab-

sorber, but in so doing, and by the combination of

modified pipes, as shown in Fig. 9, a new element

called the exchanger is added to the apparatus of

Fig. 8 to give Fig. 9.

The operation of Fig. 9 is similar to the opera-

tion of Fig. 7 except as hereinafter explained, and

is like Fig. 8 with the addition of the exchanger, ex-

cept that now the weak liquor cooler has not so much
heat to take out, as will appear from the following:

The cold strong liquor at 110° flows along its en-

larged pipe on its way from the liquor pump to the

generator and comes in contact with the pipe con-

ducting the hot weak liquor from the generator to the

absorber, with the natural result that the hot weak

liquor is cooled and the cold strong liquor is heated.

It is here shown, in Fig. 9, that the cold strong liquor

is heated through a range of 114° or from 110° to

2?4° in receiving the heat from the hot weak liquor.

The hot weak liquor is cooled through a range of 130°

or from 255° to 125° in giving up its heat to the cold

strong liquor. Now we note that the weak liquor is

a carrier for the anhydrous ammonia that was evap-

orated in the refrigerator. The weak liquor absorbed

this anhydrous ammonia in the absorber in changing

from 25 per cent to 35 per cent aqua, and the strong

liquor gave up its load of anhydrous ammonia in the

generator in changing from 35 per cent to 25 per cent

aqua.
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For the present, without further explanation, it

may be assumed that for every eight pounds of strong

liquor pumped by the liquor pump one pound of an-

hydrous ammonia is evaporated in the refrigerator,

BO that the weight of weak liquor circulated per unit

of time is seven pounds as against eight pounds of

strong liquor circulated in the same time. The dif-

ference in weight, as 8 — 7 r= one pound of an-

hydrous ammonia above referred to as evaporated in

the refrigerator and absorbed in the absorber and dis-

tilled in the generator. The weight of strong liquor

being greater than the weight of weak liquor it fol-

lows that for a given range of cooling in the weak

liquor circulated there will be a less range of heating

in the strong liquor. The quantity of heat given up

by the weak liquor is the exact equal of the quantity

of heat taken up by the strong liquor, but as the

weight of the strong liquor is more, its range in

temperature will therefore be less than that of the

weak liquor. Furthermore the strong liquor cannot be

heated above its boiling point at its pressure, so that

often a considerable portion of the range of cooling of

the weak liquor does not appear as a like range in heat-

ing the strong liquor because of the immense amount of

heat required for disassociating and evaporating the

strong liquor to a weaker liquor as compared with the

specific heat required for cooling the weak liquor. In

the present case we will assume that the exchanger has

90 per cent efficiency, that is, that it exchanges 90 per

cent of all the heat it could exchange if perfect. The
greatest possible range for the weak liquor would be

from 355°, its hottest temperature, to 110°, the tem-

perature of the coldest strong liquor, or 255° — 110°

= 145°, and 90 per cent of 145° = 130°. So 130°

is the range of the weak liquor, which gives 355° —
130° = 135°, as the temperature of the weak liquor

from the exchanger. If now we assume the specific
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heats of the weak and strong liquors, for the present

as the same, then we have 8/7 as much strong liquor

as weak liquor, so the strong liquor will be heated

through a range of % X 130° = 114°. And 110°

-f- the range of 114° = 224°, is the temperature of

the hot strong liquor from the exchanger to the gen-

erator.

It is evident, in Fig. 9, that as the strong liquor

enters the generator at 224° in place of at 110°, as

in Fig. 7, that the heat required to heat the aqua from

110° to 224° will be saved and so less steam will be

used in the generator and, further, that as the weak

liquor now goes to the weak liquor cooler at 125° in

place of 255°, less surface of weak liquor cooler will

be required and also less cooling water for the weak

liquor cooler need be used. For now the weak liquor

is only cooled from 125° to 110° by the weak liquor

cooler, which also heats the cooling water from 80° to

100° as before, but here a smaller quantity of cooling

water is used than was used in Fig. 8. By having

sufficient surface in the exchanger the temperature of

the weak liquor may be so lowered as to dispense with

the weak liquor cooler altogether, which is what is

done in many of the up-to-date machines, and es-

pecially with practically all machines operating with

dry absorbers, which will be described later.

It is evident that we have saved by the use of the

exchanger just described in Fig. 9 all of the heat that

would otherwise have been required in the form of ex-

tra steam in the generator to heat the strong liquor

from 110° to 224°.

Summing up, the exchanger has the following ad-

vantages: It saves steam in the generator, saves coil

surface in the generator, saves water at the weak

liquor cooler, and saves coil surface in the weak liquor

cooler or dispenses with the weak liquor cooler

altogether.
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In general it will be wise to install as large an

exchanger as is possible, stopping only at the point

where the interest on the investment plus the deprecia-

tion is equalled by the saving in cost of steam and

water.

We now have all the principal modifications that

occur in the modern up-to-date absorption machine

between the generator and the absorber, and will next

take up the principal modifications that occur between

the generator and the condenser.
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CHAPTEE VI.

The Analyzer—Ammonia Data—Water Vapor in Gas from
Generator—Water in Condenser and Refrigerator

—

Purging for Refrigerators.

The modifications that occur in the absorption ma-

chine between the generator and the condenser are

those that are least understood of any of the parts of

the absorption machine. Yet we will find them as

simple in principle, at least, as we have found the

other parts, up to this point. In Fig. 9 we saw how

the economy and capacity of the machine were in^

creased by the exchanger. Here we exchanged part

of the heat from the hot weak liquor and gave it to

the cold strong liquor. And here we exchanged heat

through a pipe surface from one liquid to another

liquid. The next modification might also be called

an exchanger, for its function is that of an exchanger,

only it exchanges heat from a gas to a liquid in place

of from a liquid to a liquid. Such an exchanger is

called an analyzer. In the analyzer the strong liquor

is still further heated, after leaving the exchanger, by

the hot gas flowing from generator to condenser.

Fig. 10 is like Fig. 9, with the addition of the

analyzer.* In the operation of the analyzer a new

'Aa will be discussed at length later, the data for aqua ammonia
thus far used have been taken from certain published tables, and those
tables were not the results of any personal investigations. From now on
conclusion will be based upon some aqua ammonia data of my own, hence
some of the data that occurred in tlie various figures given up to this

point must be changed so that later these will lend themselves to the
uses required. Data in Fig. 9 have been changed in Fig. 10 as follows:
Temperature of water from weak liquor cooler from 100° to 90°; tem-
perature of 26^ liquor to absorber from 110° to 101°; temperature of

36% liquor from absorber from 110° to 101°; temperature of 25% liquor
from generator from 255° to 253° ; temperature of strong liquor from
exchanger from 224° to 218°.
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action takes place. In the condenser of Pig. 9 was

condensed, by cooling, all the vapor from the generator

to a liquid. Now we come to the new action. The

generator does not distill anhydrous ammonia gas, but

distills a mixture of ammonia gas and water vapor or

steam. All are familiar with the fact that air absorbs

water vapor, so likewise ammonia gas absorbs water

vapor.

We know that the hotter the air is, the more water

vapor it will hold, likewise with ammonia gas, the

hotter it is, at a given pressure, the more water vapor

it will hold. One of the most modem applications

of refrigeration is the cooling of air for blast furnaces,

and the main reason for so cooling the air is to extract

most of the moisture from it. Perhaps the most

familiar examples of this action are the ice water

pitcher and the window pane. It is an everyday ob-

servation to see the outside of an ice water pitcher

covered with moisture that has been condensed on it

by the cooling of the air in contact with the cold

pitcher. And also it is common to note the condensa-

tion of moisture on the window pane and remark:

"It is turning cold," for here the cold on the outside

of the window pane has so cooled the glass that it

condensed moisture from the air on the inside of the

window pane.

The action of the analyzer is the condensation of

some of the water vapor from the mixed ammonia gas

and water vapor during its passage up through the

analyzer.

Its heat of condensation is given up in heating or

evaporating some of the strong liquor on its way down
to the generator. In Fig. 10 the analyzer is placed

on top of the generator and is provided with a number
of shelves or shallow pans that will permit the strong

liquor to flow by gravity down into and overflow them
from one to the other on its way down to the gener
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ator, while the hot gas from the generator flows up

in contact with the bottoms of these shallow pans or

shelves.

In Fig. 10 the strong liquor from the exchanger

flows to the top analyzer pan in place of directly to

the generator as was shown in Fig. 9.*

Here we have 35 per cent aqua at its boiling point

of 213° entering the top of the analyzer. It flows

into the top pan of the analyzer and overflows this

pan into one below it and so on down the analyzer until

it flows from the bottom pan, through the short pipe

shown, into the top of the generator. The mixture

of ammonia gas and water vapor leaves the generator

at say 242°, and with say eleven per cent by weight

of water vapor.

This hot gas flows up and heats the bottoms of

the analyzer pans during its passage until it leaves the

underside of the upper pan at say 228°. But this

gas in being cooled from 242° to 228° in its passage

up the analyzer, gave up heat as part of the water

vapor and some ammonia gas became condensed on the

under sides of the pans. This condensation formed

little drops of liquid on the undersides of the pans

and these drops fell into the strong liquor in the pans

•When studying the exchanger of Fig. 9 we noted that the quantity
of strong liquor to carry one pound of ammonia at the strengths of strong
and weak liquor given was approximately eight pounds. More exactly,
it is 7.6 pounds for 35;^ strong and 26% wealc liquor. The exchanger
described in Fig. 9 was designed to exchange 90% of the available heat
of the weak liquor to the strong liquor. In what follows it will be
more simple to explain, if the exchanger of Fig. 10 is of such proportions
that it will just heat the S6% strong liquor to its boiling point of 213° F.,
that is, no evaporation of the strong liquor occurs in the exchanger, but
the strong liquor arrives at the analyzer in such a condition that any more
heat added to it will cause part of it to evaporate.

To accomplish this the exchanger of Fig. 10 is proportioned to ex-
change only 8i% of the available heat of the weak liquor, that is, 84%
of the range in temperature between the hot weak liquor of 253° and the
cold strong liquor of 101°, or 263°— 101° = 152°

; and 84% of 152°
= 128°. That is, the range of the weak liquor in the exchanger is 128°,
•0 that the weak liquor is cooled (263° — 128° = 125°) to 126°, and as
the quantity of strong liquor in relation to the weak liquor is 7.6 to 6.5,
for it takes 7.6 pounds of strong liquor to carry one pound of anhydrous
ammonia (evaporated in the refrigerator and absorbed in the absorber),
so the range of heating of the strong liquor wiU be 6.5 -=- 7.6 X the range
of th(. weak liquor, or 6.6 -H 7.6 X 128° — 112° ; 112° being the range of
the strong limior in the exchanger ; it is therefore heated to 101° + 112° =
218*. so 213 is the temperature of the strong liquor from the exchanger-
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below them and were returned to the generator with

the strong liquor.

But in the meanwhile the heat given up by the

vapor, condensed on the bottoms of the pans, heated

the strong liquor in the pans so that this strong liquor

gave off vapor, and this vapor joined the vapor from

the generator on its way to the condenser.

As the weight of gas going to the condenser is

much less than the weight of strong liquor going to

the generator, both via the analyzer, and as the specific

heat of the gas is only about one-half that of the

liquid, it is evident that the gas will be cooled

through a greater range of temperature than the strong

liquor will be heated. For the gas was cooled from

243° to 228° or through a range of 14°, while the

strong liquor was heated from 213° to 316°, or

through a range of 3°.*

Some of the vapor from the upper tray of the

analyzer now joins the 228° gas, so we have, say 237°

gas going to the condenser. This 227° gas at 170

pounds pressure still has, say, eight per cent of water

vapor in it, and this water vapor now goes to the eon-

denser and is condensed with the ammonia vapor.

Here we have a new and most troublesome condi-

tion to contend with. In place of having 100 per

cent pure anhydrous ammonia in the condenser, we

have only ninety-two per cent ammonia and eight per

cent water. If now we had a refrigerator like .that

shown in Pig. 2 (self purging), we would have no

difficulty other than an inefficient absorption machine

with temperature well above 0° for the boiling am-
monia in the refrigerator due to the raising of the

boiling point by the water present in the ammonia.

With the form of refrigerator shown in Fig. 10, where

the boiling ammonia is held in it by the end partition

•These temperatures are not to be taken as exact, but are only tc
show the method of action in the analyzer. Later, exact conditions w'i;
be given in the more exact study of the analyzer.
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there shown, which does not exist in Fig. 2, we have

very grave difficulties. It would be bad enough if we

had only to put up with temperatures in the refrigerator

many degrees higher than that due to the boiling

point of anhydrous ammonia, as could be obtained with

the type of refrigerator shown in Fig. 2. But here,

in Fig. 10, the eight per cent of water coming from

the condenser, with the ammonia, to the refrigerator,

practically all stays in the refrigerator, and soon ac-

cumulates so that in place of ninety-two per cent am-

monia in the refrigerator, we have only a very weak

ammonia in the refrigerator that soon loses all of its

life as refrigerant ammonia and tends to become mostly

all water.

The refrigerator shown in Fig. 2 is self-purging,

as are all expansion coils with downward expansion.

In the refrigerator shown in Fig. 10, which is like

an expansion coil with upward expansion, or a shell

type brine cooler, or a flooded system, we must provide

a new clement to take care of this water, the purge

pipe that leads from the refrigerator to the absorber,

as shown, and which is governed by a purge valve.

Here it is necessary, either continuously or from time

to time, to purge the watery ammonia from the refrig-

erator into the absorber.
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CHAPTEK VII.

The Rectifier—^Drlp Liquor—Best Temperature for Drip
Liquor—Best Temperature for Gas from Rectifier to

Condenser—Automatic Aqua Regulating Valve—Com-
plete Wet Absorber Cycle.

In Fig. 10 ammonia vapor and 8% of water vapor

were being condensed in the condenser, and we now

wish to have practically pure anhydrous ammonia con-

densed in the condenser. This gives the last important

element in the absorption machine, the rectifier.

Keferring now to Fig. 11, which is like Fig. 10,

with certain additions that will later be described,

it may be noted that the pipe leading from the top of

the analyzer to the condenser is the same as in Fig.

10, but there has been added a spray pipe, to spray

cooling water from this spray pipe on the before men-

tioned pipe, and this is the rectifier. Its function is

to rectify the gas from the generator so that it is

practically pure anhydrous ammonia gas, and to re-

turn the water so condensed in the rectifier to the

generator via the analyzer. It will be seen that the

action of the rectifier is almost exactly like that of the

analyzer except that ihe cooling agent in the rectifier

is the water from the spray pipe in place of the

strong liquor in the analyzer.

The cold walls of the rectifier condense the water

vapor into water, and this water reabsorbs am-
monia vapor, due to its (the water's) temperature and
pressure. This condensation, called drip liquor, now
flows by gravity through a trap as indicated by the

arrows into one or more additional pans in the top

of the analyzer; here only one such pan is shown.
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The hotter the drip liquor is as it comes from the

rectifier the less ammonia will it bring with it to the

generator via the analyzer, to be re-evaporated at the

expense of the steam used in the coil of the generator.

In this case it will be assumed that the drip liquor

leaves the rectifier at 173°, which would make it 45%
liquor. This 45% 173° drip liquor now flows into

the upper drip pan of the analyzer and is heated by

the gas passing up through the analyzer to the rectifier,

thereby cooling and partly rectifying the said gas and

thereby being heated and partly evaporated and re-

duced in strength itself, so that it flows from the drip

pan of the analyzer into the upper strong liquor pan

as say 35% liquor at 213°, or at just the same tem-

perature and strength as the strong liquor also flowing

into this pan from the exchanger. Of course this would

never be the case in actual practice, as the drip liquor

invariably comes to the strong liquor pan as colder

and stronger than this strong liquor coming into the

top analyzer pan from the exchanger.

The condition given is ideal, and what we would

like to obtain and the approximate approach of the

above to the ideal condition depends upon the design

of the machine and on the ability of its operator.

The operation of the rectifier has more to do with

the capacity and economy of the absorption machine

than any other part of the apparatus, is less under-

stood and more abused and neglected than any other

part. The improper operation of the rectifier can re-

duce the capacity of the machine more than 50%, and

increase the steam consumption over 100%. In its

operation a happy medium must be struck where the

capacity of the machine is a maximum and the economy

is the best. It is evident that if too much water is

used on the rectifier practically all the ammonia gas

can be condensed in it and returned to the generator

via the analyzer, practically no ammonia being con-
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densed in the condenser. This can occur when the

temperature of the gas from the rectifier to the con-

denser is at or near the temperature due to the con-

denser pressure, as at 90° in this case. If the gas

from the rectifier to the condenser were at or near

90° then the gas evaporated in the generator would

nearly all short circuit and go from the generator

through the analyzer to the rectifier and back again,

without being condensed in the condenser and so do

practically no refrigeration, and use excessive quan-

tities of steam in the generator steam coil.

On the other hand if the gas from the rectifier to

the condenser were too hot it would carry too much
water vapor with it and so cut down the capacity

of the machine by giving watery ammonia in the

refrigerator. From personal experience in hundreds

of tests made under practical operating conditions I

find that a temperature of gas from the rectifier to

the condenser of from 20° to 40° higher than the

condensing temperature of the ammonia at its con-

densing pressure gives the best results. To govern

this temperature a thermometer is placed in the gas

line between the rectifier and the condenser, as in-

dicated in Fig. 11, and there is no more important

thing in the whole system to be watched and regulated

(by supply of rectifier water) than is this temperature

as indicated by this thermometer.

With one additional minor modification we have

a complete system (with full absorber). It is evident

that the regulating valve that governs the flow of the

weak liquor from the generator to the absorber (see

Fig. 10) will require to be adjusted by hand, as the

speed of the liquor pump may vary. This hand gov-

erned regulating valve of Fig. 10 is left wide open and
an automatic regulating valve is added as is shown
in Fig. 11. This automatic regulating valve is gov-

erned by a ball float that will open the valve a little



THF ABSORPTION KEFRlGEltATING MACHINE 47

as the liquid level in the ahsorber falls, or will shut

the valve a little as the liquid level in the absorber

rises and so maintain the liquid level in the absorber

at practically a constant level.

The complete cycle of operation for Fig. 11 (the

full or wet absorber type) is as follows: Anhydrous

ammonia, at 90° and 170 pounds pressure, flows through

the expansion valve, where it is partly evaporated by

reducing its pressiire to fifteen pounds and its tem-

perature to 0°. Now the 0° and 15-pound pressure

anhydrous ammonia boils and evaporates in the refrig-

erator by the heat taken up in cooling the brine from

20° to 10°. The ammonia vapor so formed now flows

to the absorber where it bubbles up through the liquor

in the absorber in which it is absorbed, its passage

from the refrigerator through the pipe and the little

holes in the bottom of the absorber being plainly in-

dicated by arrows in Pig. 11. The heat of absorption

is taken up by the cooling water circulating through

the cooling coil which heats this water from 80° to 90°.

The resultant strong, 35% 101° aqua at fifteen

pounds pressure now flows to the liquor pump by which

it is pumped into the pipe leading from the liquor

pump to the exchanger and at a pressure equal to that

in the generator plus the friction of the pipe to the

exchanger and of the exchanger and of the hydraulic

head to be overcome. This 35% 101° strong liquor

now flows through the shell of the exchanger, is heated

by the hot weak liquor to 213° and at this temperature,

which is the boiling point of 35% aqua at the gener-

ator pressure of 170 pounds, it flows into the top

strong liquor pan of the analyzer. From this pan it

overflows and successively fills and overflows the sev-

eral pans below during its passage through the analyzer

to the generator, being heated and thus partly evap-

orated on this passage by the hot gas from the gener-

ator in it passage up through the analyzer.
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The liquor now flows into the generator through

the short pipe from this lower pan of the analyzer

as, say 34% liquor at 216° and flows through the

generator in contact with the steam coil so that it is

partly evaporated and raised in temperature to 353°

and thus reduced in strength to 25% liquor. The

heat so taken from the steam condenses the steam in

the steam coil of the generator at forty pounds pres-

sure so that it is hot water at 386° temperature and

forty pounds pressure, and this hot water after being

further cooled a few degrees by the liquor in the gener-

ator is discharged from the generator steam coil, either

through a throttling valve into the atmosphere or is

pumped back into the boiler, or if the generator is

at a higher elevation than the steam boiler, and if the

boiler pressure is the same as the steam coil pressure,

it is returned directly by gravity to the steam boiler.

Now the 35% 353° weak liquor flows up the pipe

in the generator as indicated by the arrows and flows

through the exchanger, being cooled to 135° by giving

up part of its heat to the strong liquor. The 35%
135° weak liquor now flows through the weak liquor

cooler where its temperature is reduced to 101°, the

boiling point of 35% aqua at fifteen pounds pressure.

The cooling water at the weak liquor cooler is heated

from say 80° to 90° in taking up this heat from the

weak liquor. Now the 101° 35% weak liquor flows

past regulating valve into absorber, and in passage

through absorber takes up and absorbs the gas from
refrigerator, becoming 35% 101° aqua and is ready

to repeat the liquor pump cycle as before explained.

In the meanwhile the 343° gas, with say 11%
water vapor in it, from the generator has started up
through the analyzer as is shown by the arrows. This

sas is cooled and partly rectified and so deposits some
of its water on the under sides of the analyzer pans,

by being cooled by the strong liquor in these pans, so
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that this condensation drops ofE the bottoms of the

pans into the strong liquor and returns with it to the

generator. This gas is thus cooled in the analyzer

to say 228° with say 8% of water left in it after

having left the under side of the upper strong liquor

pan and having been joined by some additional gas

evaporated from the strong liquor in the pan. Now
this gas comes in contact with the bottoms of the

drip liquor pans (only one shown in diagram) that

are conducting the drip liquor from the rectifier to

the upper strong liquor pan, and is still further cooled

to say 220° and after joining the vapor from the drip

liquor pan is still further reduced in temperature to

say 216°. Now this 216° gas goes to the rectifier,

where it is still further cooled by heating the rectifier

water from 80° to say 1-10°, and this gas finally leaves

the rectifier at 120° and is practically pure anhydrous

ammonia, after having deposited practically all of

its water vapor which was condensed in the rectifier

and which reabsorbed ammonia gas due to its (the

liquid's) pressure and temperature.

This drip liquor from the rectifier now flows

through the trap, as indicated by the arrows, as say

45% liquor at 173° into the top drip liquor pan of the

analyzer, wherein it is heated by the gas from the

generator, and partly evaporated, so that it flows into

the top strong liquor pan of the analyzer as say 35%
liquor at 213° and continues its passage to the gener-

ator by mixing with the strong liquor in the upper

strong liquor pan. In the meanwhile the ammonia
vapor at 120° entered the condenser from the rectifier

and was cooled to 90° and condensed to practically

pure anhydrous ammonia at 90° and 170 pounds pres-

sure by giving up its heat to the condensing water in

heating it from 70° to 80°, and so, as 90° liquid am-

monia at 170 pounds pressure it flows to the expan-

sion valve and the cycle is repeated.



50 THE ABSORPTION EEFKIGEEATING MACHINE

CHAPTEE VIII.

Further Details for Complete (Wet Absorption) System

—

Pressure Gauges, Gauge Glasses, Purge Valves, Charg-
ing Valves, Draw-off Connections, Hydrometers,
Proper Strength of Strong and Weak Liquors, Ther-
mometers,, Water Supply Refrigerators, Brine Coolers,
Weak Liquor Coolers, Condensers, Rectifiers, Ex-
changers, Etc.

The various different parts of the absorption ma-

chine should have pressure gauges as follows: Steam

gauge for pressure in generator coils, ammonia gauges

for pressures in generator, condenser, refrigerator and

absorber. These gauges should be accurate and fre-

quently compared and tested with a certified test gauge.

Very few gauges are correct for all readings even if

correct at atmospheric pressure; the corrections to

apply to the various gauge readings should be tabulated

and known. Gauges often get out of order and do

not properly indicate pressures, and errors of from

five to fity or more pounds often occur in their read-

ings. These gauges should all be mounted on a gauge

board in the most prominent place for the engineer

to see them.

Gauges glasses should be provided for all pieces

of apparatus wherein it is ever desired to know the

liquid level. These gauge glasses should always be

protected by automatic self-closing gauge cocks hav-

ing a positive hand-governed stop valve between the

cock and the vessel to be gauged. Means should be

employed to determine from time to time whether a

gauge glass properly indicates the true level of the liquid

in the vessel it governs, for they often become stopped
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up and so mislead. In apparatus of any considerable

size, use two or more sets of gauge glasses, one near

the top and one near the bottom, in preference to one

very long gauge glass. Glasses over about two feet

long should not be used if they can be replaced by two

or more shorter gauge glasses.

Purge valves to purge air or liquid should be pro-

vided on all parts of apparatus where air can collect

or where it may be desired to drain a piece of apparatus

for repairs or for any other desired purpose. Charg-

ing valves should be provided so that the machine may
be charged readily with aqua ammonia, water or an-

hydrous ammonia. The usual aqua charging connec-

tion is shown at A, Fig. 12, which is like Fig. 11 ex-

cept for the modifications shown. The aqua is pumped
by the liquor pump direct from the drum through this

connection either direct to the absorber or to the gen-

erator by a proper manipulation of the valves c, d, f

and by-pass a-6. It is advisable to have a pipe connect

the condenser piirge, g, to the purge j, so that air or

foul gases can be purged from the condenser into the

absorber, thereby saving ammonia that would be lost

if purging into the air from the condenser were re-

sorted to.

The purge connection e, from the top of the ab-

sorber should have a pipe or hose that can be dipped

under the surface in a pail of water, so as to purge

only air and by the presence or absence of air bubbles

in the pail of water know when to stop or how long

to continue purging. When purging the absorber a

peculiar crackling or buzzing noise is heard when very

little air is being purged and a great deal of ammonia
is being wasted.

Gases other than air are purged from the absorb-

er, usually hydrogen due to the decomposition of the

aqua ammonia in the system. This gas can be

purged and lighted by a match and will burn like
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a gas flame until it is nearly all purged from the

absorber.

The aqua ammonia used in charging comes in large

drums and is what is known as 36° Beaume aqua am-

monia. It contains about 30%, by weight, of ammonia

and 70%, by weight, of water. According to the con-

ditions and pressures under which the machine will

operate it will be necessary to add some distilled water

or some anhydrous ammonia to the system to give the

proper and most economical strengths of strong and

weak liquors for operation. If distilled water is to

be added it can be done just as the aqua ammonia

was added through connection A. And this distilled

water can be taken from the condensation from the

steam coil of the generator, provided it is free from oil.

In charging anhydrous ammonia into the system it

can be done either at fc or m. The author prefers

to do it at Ic, connecting the anhydrous ammonia
cylinder to the pipe at Tc and using valve at fc as an

expansion valve and expending the ammonia from the

cylinder directly into the refrigerator. Here it does

refrigeration as it enters the system, while if charged

directly into the absorber at m it does no refrigeration

and upsets the action of the absorber.

Draw-off connections should be provided for test-

ing the strength of strong and weak liquors; that for

the strong liquid is at A, the same as the charging

connection, if desired, or must be on the pressure

side of the liquor pump at f, if absorber pressures be-

low the atmosphere are to be used. The weak liquor

draw-off connection is shown at o. In drawing off

liquor for testing its strength at either o or p, a little

liquor should be thrown away first to make sure that

none of that which may be dead in the draw-off pipes

is taken by mistake.

It is preferable always to draw off these liquors

through a little home-made coil of i^-inch pipe con-
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nected at o or p and immersed in a pail of ice water.

The tomperature of the aqua as measured should usually

be 60° F, or at the temperature required as per the

scale of the hydrometer. If the aqua is too warm or

(go cold in the hydrometer jar, corrections must be

made for its readings, and if the liquor is drawn ofE

too hot part of it will vaporize and so its true strength

can not be determined.

The commercial method of determining the strength

of strong and weak liquors is by the floating hydrom-

eter, a little glass affair that looks much like a

thermometer and is so weighted that it floats in the

aqua in a little glass jar. The stem of the hydrometer

is graduated much like a thermometer and the readings

on the scale either directly give the strength of the

aqua in percent or give results whereby the strength

is determined by reference to certain tables. Most

hydrometers are graduated in Beaum6 degrees, an

arbitrary and useless scale for our purposes, other scales

are divided into true specific gravities as say .8, .9, etc.

Other scales are also used, all of which must be re-

ferred to proper tables and the corresponding per cents

of ammonia determined therefrom unless one is so

fortunate as to get a hydrometer that reads directly in

per cents, which is the only proper one for our pur-

poses. These hydrometers should be obtained from

reliable dealers, and care should be taken in using

them that they do not touch the sides of the glass

jar, are not greasy and do not have air bubbles in con-

tact with their stems when immersed in the aqua in

the hydrometer jar.

All glass floating hydrometers are valuable only for

approximate commercial purposes and are not exact

enough for test purposes where any reasonable degree

of accuracy is required. Where such accuracy is re-

quired a Westphal Balance should be used, a descrip-

tion of which can be had from a dealer in chemical



54 THE ABSORPTION BEFRIGEKATING MACHINE

apparatus. Some very fine exhaustive tests of absorp-

tion machines by good authorities are absolutely worth-

less in many respects because of failure to properly

measure the strength of strong and weak liquor.

The proper strengths of strong and weak liquors

are governed by four factors, 1st, absorber pressure, 2nd,

generator pressure, 3d, steam pressure in generator

coils, 4th, speed of liquor pump. The strength of strong

and weak liquors should be such that the combined

capacity and economy of the generator and exchanger

is at a maximum. Without now attempting to tell

why, the rule is given as follows: Have the difference

in strengths of strong and weak liquors such that be-

tween seven and eight pounds of strong liquor is

pumped by the liquor pump for every pound of an-

hydrous ammonia evaporated in the refrigerator. The

strong liquor should be as strong as possible and should

correspond with its temperature and the absorber pres-

sure (see aqua ammonia tables), the weak liquor should

be as weak as possible and should correspond with its

temperature and the generator pressure.

In most plants the strength of the strong liquor

is fixed by the desired absorber pressure and tem-

perature of absorber water available, and the generator

pressure is fixed by the temperature of the condenser

water, so that the variable quantities to adjust are

steam pressure in generator coils and speed of liquor

pump.

The formula for determining the required strengths

of strong and weak liquors to give 7.5 pounds of strong

liquor pumped by the liquor pump to one pound of

anhydrous ammonia evaporated in the refrigerator is

as follows: Let a be a decimal representing the

strength of weak liquor as .30 = 20% and c a decimal

to represent the strength of the strong liquor as

.30 = 30% ; then make c and a so that the following
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1—

a

equation holds good : 7.5 = . For example, if

c

—

a

the strongest strong liquor obtainable is 30% then

c = .30, so substituting the value .30 for c in the

1—

a

equation we have 7.5 =: and solving for the

.30—

a

value of a we get 2.25 — 7.5a =: 1

—

a, 1.35 = 6.5a,

a = 1.25 -^ 6.5 = .1925, or, practically, a = 20%.

Jfany machines now in operation can have their

capacity and economy increased from ten to thirty or

fifty per cent by operating them according to this rule,

provided the previous instructions for operation of

rectifier are also followed.

Various thermometer wells should be provided in

the different parts of the apparatus, but their number

and location will largely depend upon the engineer in

charge and his desire to get the best results from his

machine for the least steam used in the generator. If

such thermometers are used—I will not now attempt

to tell how or where to use them—their indications

are not of much value when the machine is once in

best working order, but they are most essential to so

get it in best working order, and are often required

to find out just what the matter is when the machine

is not working properly.

The water supply is most important. The cost of

the water, or the cost of pumping it, must be put

against the saving in economy in the operation of the

machine to determine how much water to use. Usually

twQ_ gallons of water per minuteper ton of refrigera-

tion for all purposes is sufficient, more would be better,

but just how much more depends upon conditions and
the design of the machine. If low absorber pressures

are desired, first pass all the water through the ab-

sorber; if the reverse, first pass all the water over the
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condenser. Usually use the water in tandem, through

the condenser and absorber or through the absorber

and condenser. Then take the water from the final

apparatus, the absorber or condenser, for the weak

liquor cooler and rectifier. Sometimes it is best to put

part of the water to the condenser and part to the

absorber, but here again each ease should have the

most careful study, before the machine is contracted

for if possible, or afterwards if not, to determine just

how best to use the available water supply which may
make a difference of from ten to thirty per cent or

more in the capacity and economy of the machine.

The author will not, in this elementary work, go

into a discussion of the various and many types of

condensers, and refrigerators, for that should be taken

up in a more advanced treatise. Of the two types of

refrigerators one most often meets, the direct expan-

sion coil in the most common, and for absorption ma-

chines it should always be designed for downward ex-

pansion, i. e.j the liquid ammonia coming in at the top

so as to purge the watery ammonia out at the bottom

with the vapor. Shell and coil type of coolers require

much attention as to operation of rectifier and often

require frequent purging of watery ammonia from them.

Almost any design of condenser is all right, if large

enough, provided it does not hold up the amomnia

in its coils or let it down in gulps.

Very few people will ever have anything to say

about what kind of an analyzer they will have as that

is usually a fixed part of a standard machine. The
best rectifier is of the atmospheric or coil type, and

has the hot gas going in at the bottom and the cold

gas coming out at the top. It should be so designed

as to give the hottest possible drip liquor. The ex-

changer has been discussed before at length. The
exchangers of the shell and coil type are most used,

but double pipe exchangers give excellent results pro-
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vided they can be kept tight. The weak liquor cooler

is much like an atmospheric coil condenser, should

have the liquor go in at the bottom and out at the

top, and in some types of machines to be described

later it is entirely dispensed with.
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CHAPTER IX.

Generators and Absorbers—Liquid Surface in Generators
—Length of Steam Coils—Bollovers of Generators

—

Best Temperature of Strong Liquor from Absorber.

The generator, which is often called the still or

ammonia boiler, is of several different types as built

by the leading absorption machine builders. The oldest

steam coil type is much like a vertical steam boiler

except that the heating is done in spiral coils of pipe,

by steam, in place of by fire. This type of generator

is shown in Fig. 13, and consists of a shell. A, carry-

ing the analyzer, B. There is a nest of several close-

wound spiral coils made from extra strong pipe, welded

into continuous coils, one of which is shown at e-g.

The steam inlet ends of these coils, corresponding to e,

are gathered together into a steam header and the con-

densed steam ends, corresponding to g, are gathered

together into a condensed steam header. The aqua

flows down from the lower pan a, of the analyzer to

the liquid surface 8 in the generator and this aqua

circulates down between the coils and out at weak liquor

outlet d.

The vapor rises from the liquid surface 8 and

passes up into the analyzer B through spaces c, c

as shown by the arrows. In this type a great deal of

heating surface of the steam coils is used for a very

small liquid evaporating surface, 8, the consequence

being that a large part of the heating surface of the

coils can not be used to advantage because, if forced,

the formation of vapor not only occurs at the liquid

surface 8 but also below it and next to the coils, with
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the result that the whole mass soon fills with vapor

bubbles and then the so called boil-over occurs. That

is, all the liquid in the generator goes over with a surge

into the condenser and naturally the whole system is

upset until purged out and started into proper opera-

tion again. Even if a complete boil-over does not oc-

cur, it partially occurs from time to time, as splashes,

so that watery ammonia results in the condenser and

the capacity of the machine is diminished.

This type of generator is not much used today in

new installations, but is being replaced by the horizontal

type of generator having ample liquid surfaces. The

horizontal type of generator is shown in Fig. 14, and

usually consists of two domed heads, B and C, a shell

A, and an opening in the shell to take the analyzer, D.

The lower pan, a, of the analyzer is usually provided

with gas passages, c c, and a trap, &. The aqua flows

through the trap 6 into one end of the generator and

circulates between the steam coils to weak liquor out-

let d, e. The steam coils are of two diiferent types

in the two leading makes of horizontal generators, one

type has fittings and straight pipe, the other has con-

tinuous pipe in oblong coils. These coils have steam

inlets, g, h, and condensed steam outlets, i, j, and are

supplied with steam from steam header, f, g, h and

discharge the condensed steam through the condensed

steam header )', j, Ic. It is important that these coils

should drain properly and that they should not have

too much length in a single coil, for, if they do, they

lose part of their value by being partly filled up with

condensed steam.

A modification of the horizontal type of generator

is shown in Fig. 15. This type is made by a well

known builder and is like a tier of three horizontal

generators piled one on top of the other. The liquid

circulates from the highest through the middle and

out of the lower section. The author could never
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see any other advantages in this type than those of

getting a large total liquid surface, 8, in smaller

diameter of shells and getting rather better circulation

of the liquor in the generator because of its smaller

cross section. This latter point might, if the steam

coils were not too long, make a square foot of coil

heating surface in the generator more effective than

one in a generator having slower liquid circulation.

Another point claimed by the builders is that exhaust

steam can be used in the upper section, A, to good

advantage while live steam is used in the lower sec-

tions, but all these points should be established by the

builder and attention is called to them only for what

they maj' or may not be worth.

This type of generator consists of the three sec-

tions A, B, C joined together as shown and carrying

the analyzer D. The aqua flows from lower pan b

into hollow cone, a, and out the little openings, d,

in the bottom of cone a, through section A, out out-

let e, through pipe e, f into section B, through section

B, overflowing into passage g, and into section C
through outlet of passage h, and through section G
and out weak liquor outlet i, j. The vapor passing

from the various sections as shown by the arrows

through passages, s, r, and up into the analyzer D
through passages c, c.

There are one or more steam coils in each of sec-

tions A, B, C, and they have steam inlets and con-

densed steam outlets connected to steam header Ic, I,

m, n, and they have condensed steam outlets con-

nected to condensed steam header, o, p, q.

There are various types of absorbers, but the lead-

ing types are the wet absorber, the wet-and-dry ab-

sorber and the dry absorber. The wet absorber was
diagramatically shown in Fig. 12 and is constructed,

approximately, in the manner shown in Pig. 16. This
wet absorber consists of a shell A, domed heads, B
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and C, and a nest of continuous welded spiral pipe

coils, one of which is shown as D-E. The gas usually

enters through a pipe c, terminating in one or more

perforated cross arms, d. The water enters at D and

leaves the coil at E, so that the coldest water is next

the strongest liquor. The weak liquor enters at a

and the strong liquor leaves at h, the gas leaving d

bubbles up through the liquid in the absorber, is ab-

sorbed therein and the heat of absorption is taken

out by the cooling coil D-E. This type of absorber

is also constructed with straight tubes in place of

spiral pipe coils and may also be of the atmospheric or

of the double-pipe type.

A modification of the wet absorber is the wet and

dry absorber which is shown in Fig. 17. Here the

shell, A, heads, B and C, and coils, D, E, are as in

Fig. 16, the only difference being that some form of

weak liquor distributing device is used, as perforated

pan, F, to spray the weak liquor over the cooling coils

D-E. It is plain that here the absorber is not full of

aqua as it was in Fig. 16, the greater part of the ab-

sorber is what is called dry, that is, the gas from pipe c,

after leaving the perforated pipe d, bubbles up through

a little strong liquor, being partly absorbed therein,

and then is absorbed on the surface of the film of

aqua trickling over the coils D-E, from the perforated

pan F. The weak liquor enters at a and the strong

liquor discharges at h. This type of absorber can also

be built with straight tubes or be of the atmospheric

or double-pipe type.

The dry absorber is shown in Fig. 18. It too has

the same style shell. A, and heads, B and C, as in

Figs. 16 and 17, and also the same style coils, D-E.

Here the gas enters the shell through pipe c, either

directly as shown, or is distributed in the shell through

various arrangements of pipe as desired, all of w.hich

the writer thinks is much a matter of fancy and not
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important except that it must be remembered that the

gas entering the absorber through pipe c is very cold

and it must not get into too close contact with the

water coil D-E, or it will freeze the water in it and

so burst it. This form of absorber is called the dry

absorber because it has practically no liquid body of

aqua in it. The weak liquor usually comes in in some

kind of a spray device and through pipe a, and sprays

so that it falls like rain on a perforated plate F, and

from the perforations in the plate F, it drips and

trickles down over the coils D-E and absorbes the vapor

in contact with it. It is wise to have a few turns of

the coils D-E immersed in the strong aqua so as to

cool it a little below its boiling point and so prevent

the liquor pump from "kicking," as otherwise the

reduced pressure in the liquor pump cylinder will pull

the vapor out of the strong liquor, just as a pump
that pumps hot water will do unless it has sufficient

head of hot water to overcome the difference in pres-

sure due to suction. The dry absorber can also be

built with straight tubes or be of the atmospheric or

of the double-pipe type.

The builders of the dry absorber and the combined

wet and dry absorber, do not use any weak liqur cooler

at all, and, personally, the writer sees no reason to use

them in any type of machine, for the work they do can

just as easily be done by a little more coil surface in

the absorber, and so avoid an extra piece of apparatus

to be cared for and looked after.

The absorber can combine all the types described,

or any two of them and its structure and modifications

are endless, but all involve one or more of the three

types described. In operating the absorber, the highest

possible absorber pressure should be carried, for the

refrigerator temperature required, in order to give the

capacity desired, the temperature of the strong liquor

from the absorber should be as high as possible, so
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long as the liquor pump does not kick, for it should

be remembered that for every degree the strong liquor

is colder than it should be, there will be required just

so much more steam in the generator to reheat the

strong liquor. Dry absorbers give stronger liquor for

the same coil surface used than do wet absorbers. Some

people have used the weak liquor as a forcing agent

through an injector to suck and carry the gas from the

refrigerator into the absorber and to attempt thereby

to get a higher absorber pressure. The value of such

a method is a point well worth investigation by ex-

perimenters.
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CHAPTEK X.

Complete Dry Absorber Cycle—Steam Reducing Valve-
Condensed Steam Receiver.

The next to consider will be an absorption ma-

chine cycle similar to the wet absorption machine as

shown in Fig. 12, but with the dry absorber and with-

out any weak liquor cooler, and with a few other modifi-

cations. Such a system is shown in Fig. 19 and with

the modifications above mentioned is like the one shown

in Fig. 13. The complete cycle of operation for Fig.

19 (the empty or dry absorber type) is as follows:

Anhydrous ammonia at 90° and 170 pounds pressure,

flows through the expansion valve, where it is partly

evaporated by reducing its pressure to fifteen pounds

and its temperature to 0°. Now the 0° and 15-pound

pressure anhydrous ammonia boils and evaporates in

the refrigerator by the heat taken up in cooling the

brine from 20° to 10°. The ammonia vapor so formed

flows to the absorber, as shown by the arrows, wherein

it diffuses itself and is absorbed by the aqua trickling

over the cooling coil, the heat of absorption being taken

up by the cooling water circulating through the cool-

ing coil, which heats this water from say 80° to 90° F.

The resultant 35%, 101° strong liquor at fifteen

pounds pressure now flows to the liquor pump by which

it is pumped into the pipe leading from the liquor

pump to the exchanger and at a pressure equal to

that in the generator, plus the friction in the pipe to

the exchanger and in the exchanger and of the

hydraulic head to be overcome. This 35%, 101° strong
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liquor now flows through the shell of the exchanger,

is heated by the hot weak liquor to 313° and at this

temperature, which is the boiling point of 35% aqua

at the generator pressure of 170 pounds, it flows into

the top strong liquor pan of the analyzer. From this

pan it oversows and successively fills and overflows

the several pans below during its passage through the

analyzer to the generator, being heated and thus partly

evaporated on this passage by the hot gas from the

generator in its passage up through the analyzer.

The liquor now flows into the generator through

the short pipe from this lower pan of the analyzer as,

say 34% liquor at 216°, and flows through the gen-

erator in contact with the steam coil so that it is

partly evaporated and raised in temperature to 253°

and thus reduced in strength to 2o% liquor. The

heat so taken from the steam condenses the steam in

the steam coil of the generator. This 40-pound, 386°

steam enters the coil either directly at boiler pressure

or through a reducing valve, as shown, flows through

the coil and is condensed and flows by gravity out of

the lower end of the coil, as shown, into the condensed

steam receiver.

This condensed steam receiver should be on every

type of machine and should have a gauge glass and the

condensed steam level should always be kept in sight

in this glass, for otherwise either the steam coil will

fill up with condensation and so cut down the capacity

of the machine, or steam will be thrown away and

needlessly wasted. It is wise to have an air vent, as r

on the top of this condensed steam receiver, and to

vent air from it once in a while, or better still run the

connection from the air valve, r, to feed this air and

some steam to the steam valve of some auxiliary pump.

Many a boil-over occurs by letting the steam coil fill

partly with condensed steam and then suddenly letting

the condensed steam out, and so greatly increasing all
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at once the heating effect of the steam coil. The con-

densed steam is now passed, either through a throttling

valve into a reboiler, for ice making, or into the at-

mosphere, or is pumped back into the boiler, or, if the

generator is at a higher elevation than the steam boiler

and if the boiler pressure is the same as the steam coil

pressure, it is returned directly by gravity to the

steam boiler.

Now the 25%, 353° weak liquor flows up the pipe

in the generator, as indicated by the arrows, and flows

through the exchanger, being cooled to 135° by giving

up part of its heat to the strong liquor. Then the

26%, 135° weak liquor flows past the regulating valve*

into the absorber through the perforated spray pipe,

as shown, and through the perforations, so that it

falls as rain over the cooling coil, and trickles down
over it, gradually absorbing more and more ammonia
vapor and giving up the heat of absorption to the

cooling coil so that it becaraes 35%, 101° aqua in the

bottom of the absorber and is ready to again repeat the

liquor pump cycle as before explaiaed.

In the meanwhile the 243° gas, with say 11%
water vapor in it, from the generator, has started up
through the analyzer as is shown by the arrows"; This

gas is cooled and partly rectified and so deposits some
of its water and some ammonia on the under side of

the analyzer pans, so that this condensation drops off

the bottoms of the pans into the strong liquor and re-

turns with it to the generator. This gas is thus cooled

in the analyzer to say 238° with say 8% of water

vapor left in it after having left the underside of the

upper strong liquor pan, and after having been joined

by some additional gas evaporated from the strong

liquor in the pans.

The automatic weak liquor regulator valve of Fig. 12 is emitted,
but one of that type or one to govern the speed of the liquor pump canbe used if desired, governed by a float in the strong liquor, usually ina little vessel outside of the absorber.
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Now this gas comes in contact with the bottom of

the drip liquor pans (only one here shown) that are

conducting the drip liquor from the rectifier to the

upper strong liquor pan, and is still further cooled

to say 220° and after joining the vapor from the drip

liquor pan is further reduced in temperature, by

mixture, to say 216°. This 216° gas goes to the

rectifier, where it is still further cooled by heating the

rectifier water from 80° to say 140°, and this gas finally

leaves the rectifier at 120° and is practically pure an-

hydrous ammonia, after having deposited practically

all its water vapor which was condensed in the rectifier

and which later reabsorbed ammonia gas due to its

(the liquid's) pressure and temperature.

This drip liquor from the rectifier now fiows through

the trap, as indicated by the arrows, as say 45%
liquor at 173° into the top drip liquor pan of the

analyzer, wherein it is heated by the gas from the

generator, and partly evaporated, so that it flows into

the top strong liquor pan of the analyzer as say 35%
liquor at 213° and continues its passage to the gener-

ator by mixing with the strong liquor in the upper

strong liquor pan. In the meanwhile the ammonia

gas at 120° entered the condenser from the rectifier

and was cooled to a vapor at 90° and condensed to

practically pure anhydrous ammonia liquid at 90° and

170 pounds pressure by giving up its heat to the con-

densing water in heating it from 70° to 80°, and so,

as 90° liquid ammonia at 170 pounds pressure it flows

to the exp.msion valve and the cycle is repeated.

The various pressure gauges, gauge glasses, charg-

ing, purging and draw-off connections were all ex-

plained with Fig. 12, and need no further explanation

as their purpose in the same in Fig. 19 as in Fig. 12.

Care has been taken in explaining the dry absorption

machine of Fig. 19 to use the same wording, so far

as was possible, as was used to explain the wet absorp-
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tion machine of Fig. 11, and by now re-reading the

description of Fig. 11, the likeness of the two systems

in operation is more evident. A study of the absorp-

tion machine and its tables of operation as shown in

the author's book, "Eefrigerating Machines, Compres-

sion, Absorption," will give much further light on

some of the actions in the absorption machine.
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CHAPTER XI.

General Construction and Parts of the American Absorption
Machine—Lower Temperatures Obtainable by Aid of Ab>
sorber—Operation of the Plant.

The general construction of the "American" ah-

sorption refrigerating machine is of the straight pipe

type, as far as possible eliminating round and bent

pipe coils. There are no movable parts except the

aqua ammonia pump. No oil is required except the

pmall amount necessary for lubricating the movable

parts of this pump.

FIG. 20.—AMERICAN ABSORPTION MACHINE SHOWING PRINCIPAL
PARTS.

The principal parts of the machine are shown in

the diagram, Fig. 20, and consist of absorber, ammo-

nia pump, generator, exchanger, dehydrator, weak

liquor cooler, condenser, expansion coils and ammonia

regulator.
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In operation the aqua ammonia, or strong liquor,

is pumped from the absorber into the generator, pass-

ing on the way through the exchanger or equalizer

where it is partly heated by the returning hot weak

liquor from the generator. The generator is a heavy

vertical cast iron cylinder or cylinders, the number de-

pending upon the capacity of the machine, which form

a part of the apparatus. On top of the vertical tube,

a standpipe is mounted, the top section of which con-

tains the rectifier coils and immediately below these

are the analyzer pans.

The rectifier consists of a number of straight pipes

through which the strong ammonia liquor, which is

forced in at the top, passes on its way to the evaporat-

ing coils of the generator.

In going down the rectifier pipes the cold strong

liquor is surrounded by the hot gas rising from the

evaporating pipes of the generator, cooling this gas

and causing the moisture rising with it to condense

upon the cold surfaces of the rectifier pipes and flow

by gravity to the analyzer.

The analyzer consists of a number of perforated

east iron pans of varying sizes down through and over

which 4he strong ammonia liquor is precipitated. The

stream of aqua being thus finely divided, rapidly ab-

sorbs heat from the rising ammonia gas, so that it en-

ters the evaporating cylinders of the generator at a

temperature which greatly expedites evaporation.

The evaporating cylinders of the generator contain

coils of extra heavy pipe through which steam is cir-

culated and around which the strong, already partly

heated, aqua ammonia flows. The heat of the steam

quickly drives off from the strong liquor, the major

portion of the contained gas, which rises upward

through the standpipe and around the analyzer pans

and rectifier coils as already explained.
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After passing the rectifier, however, the gas still

holds entrained some moisture and in order to remove

this, the gas is passed through the dehydrator.

The dehydrator is of the horizontal shell type, and

contains a coil through which the cold aqua ammonia

from the absorber is passed on its way to the generator.

Around this coil is a large pipe or shell supported by

baffle plates. This larger pipe or shell is set in a steel

trough where it is cooled by a portion of the waste

water from the condensers. The flow of gas from the

generator passing through the dehydrator is retarded

by the baffle plates and cooled by the cold surfaces of

the rich liquor coils and the cold walls of the shell,

causing the moisture to precipitate. The moisture

flows by gravity to the generator and the gas, now
freed from moisture, passes on to the condenser where

it is liquefied.

The steam after it has served its purpose in the

generator is condensed and used to fill the ice cans,

in the case of ice making plants; but in refrigerating

plants it is trapped back automatically to the boiler

as boiler feed.

The ammonia condensers are made either of the

double-pipe type or of the submerged or atmospheric

types.

The weak liquor cooler is constructed like the

double-pipe ammonia condenser of small inner pipes

enclosed in larger outside pipes, the weak liquor flow-

ing through the inner pipes and the cooling water

through the annular space between the inner and outer

pipes.

The exchanger or equalizer is of the double coil

type. It is built of extra heavy pipe and fitted with

extra heavy headers and return bends and arranged

so as to allow a counter-current circulation through

both pipes at the same time. The cool aqua drawn
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from the absorber is forced under pressure through

the inner pipe of the exchanger and the hot weak liquor

from the generator, also under relatively high pressure,

passes through the annular space between the pipes

the two currents running counter to one another ex-

changing temperatures. The hot weak liquor thus part-

ly cooled passes from here to the weak liquor cooler.

The ammonia pump is of heavy double fly-wheel

type made to run at a speed of about twenty-five revo-

lutions per minute. The stuffing box on the ammonia

cylinder is set in a water chamber, so that the water

surrounding the piston rod furnishes constant lubrica-

tion and prevents leakage of ammonia through stuffing

box.

The absorber is of the vertical type, made of boiler

steel and is fitted with small straight tubes in place

of coils; the tubes ordinarily used are of 1% inch

diameter and galvanized. When the liquefied ammonia

from the ammonia condenser and liquor receiver, has

accomplished its refrigerating service in the expansion

coils, it is passed to the absorber, where it unites with

or is absorbed by the weak liquor flowing from the

weak liquor cooler and forms strong ammonia liquor

to be used over again in the generator, dehydrator and

condenser and evaporator as before.

Much lower temperatures are obtained with an ab-

sorption machine because of the fact that lower back

(or suction) pressure is maintained by the aid of the

absorber. Zero back pressure can be maintained as

readily as 15 pounds back pressure, and since am-

monia at pounds back pressure boils at 29 degrees

below zero, a much lower cooling effect is obtained

than is possible at 15 pounds back pressure at which

point ammonia boils at 1 degree above zero; a dif-

ference of 28 degrees in favor of the lower back pres-

sure, which can be maintained very economically by
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the absorption machine, and is a great advantage over

other types of machines.

Cooling water enters the absorber at the bottom

and flows through the small straight tubes to the top

where it overflows. The weak liquor enters the ab-

sorber at the top as does also the gas. In order to

control the flow of weak liquor coming from the gen-

erator, through the exchanger and weak liquor cooler,

a special patented automatic ammonia regulator is

connected to the absorber.

In ordinary operation the weak liquor leaves the

generator at a pressure of approximately 150 pounds,

while the gas admitted to the absorber is under a

pressure varying from five to fifteen pounds. The re-

turning weak liquor will absorb from 27% to 29%
of its weight of ammonia gas, but in order to accom-

plish this it is essehtial that the pressure of the in-

coming fluid and that of the incoming gas be equal.

This is automatically performed in the regulator by

means of a float valve and float chamber, attached to

and connected by a pipe with the interior of the ab-

sorber. When the flow of weak liquor into absorber

reaches a height where the pressure exceeds that of

the incoming gas, the float is raised and shuts off the

supply. When the float descends the liquid admission

valve opens. The regulator can be adjusted so as to

carry the required height of liquid in absorber and

generator for most efficient operation. The adjust-

ment can be done while the machine is in full opera-

tion and without disconnecting any parts.
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CHAPTER XII.

How Refrigerating Machines Work—^Description of the Car-

bondale Machine, Including the Tubular System, and the

Atmospheric System—Type to Use—^Advantages.

The cooling effect in refrigerating machines is pro-

duced by the evaporation of ammonia or some other

substance. Ammonia gas can be liquefied in a con-

denser, or cylinder, if subjected to a pressure of from

100 to 200 lbs. per square inch while cooled to about

70° F. by water cooling coils. This liquid flows

through a throttling valve into a vessel, or cooler, at

much lower pressure, where brine, or some substance

inside pipe coils, is cooled by this evaporating liquid,

which must be redelivered to the condenser under pres-

sure to be once more condensed by cooling water so it

can expand again. Thus the same ammonia is con-

stantly used over and over again.

There are two methods of drawing the gas out of

the cooler and delivering it under pressure into the

condenser, the compression and the absorption systems.

In the compression system a compressor, or gas

pump, can be used to draw the ammonia gas out of the

cooler and pump it into the condenser and this system

is therefore composed of four main parts

:

Compressor.

Engine to drive compressor.

Condenser cooled by water coils.

Cooler warmed by brine coils (that is, the brine is

cooled by the ammonia).

In the absorption system the ammonia gas is drawn
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out of the cooler by the absorbing action in the ab-

sorber where the gas meets weak aqua ammonia which

flows over from the generator, dissolving this gas and

making strong liquor, which is pumped by an aqua

pump into a generator or still, where the solution is

heated by steam, and the gas is driven o£E under pres-

sure into the condenser, where it is liquefied the same

as in the compression system, and from whence it ex-

pands into a cooler to produce the cold again.

The Carbondale absorption system consists of the

following principal parts:

Generator with steam coils for driving off gas un-

der pressure.

Condenser with water cooling coils to liquefy gas

coming from the generator.

Cooler with brine coils.

Absorber, where the liquor flowing over from the

generator absorbs the gas coming from the cooler, form-

ing a strong solution.

Ammonia pump to pump this strong solution back

into the generator to be redistilled.

Exchanger, to cool the weak liquor flowing from

the generator to the absorber by the cold strong liquor

pumped from the absorber to the generator.

Water will absorb 1,000 times its volume of am-

monia gas, hence a very small aqua pump is required,

in fact a compressor to handle the gas (without first

dissolving it in water) must be about 80 times as'large.

Heat is needed in the generator to distill off the

ammonia, but any waste heat like exhaust steam can

be used, while the compression system requires power

from a steam engine, gas engine, electric motor, etc.

The absorption system cannot be run by mechanical

power and hence cannot be operated by electricity, but

there is an enormous field for it in utilizing waste

heat.
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CONSTRUCTION OF PARTS.

The Carbondale Absorption Eefrigerating and Ice

Making Machine can be operated by either live or ex-

haust steam or waste heat, 212° or hotter, and the

various parts are constructed as follows:

The generator is of steel or cast-iron, fitted with

steam coils.

The rectifier is a coil with patent drips for draining

off the moisture and is cooled in a tank of water (sub-

merged type), or by water trickling over it (atmos-

pheric type).

FIG. 21.—CARBONDALE MACHINE—ATMOSPHERIC CONSTRUCTION.

The exchanger consists of a cylinder filled with

helical coils or is double tube type (one pipe inside

another)

.

The condenser is of the Carbondale shell type (a

cylinder filled with coils), or double tube, or atmos-

pheric type.

The absorber is either the shell and coil type, or

horizontal straight tube type, or atmospheric type.
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The cooler is of the Carbondale shell type, or dou-

ble tube type.

The ammonia pump is driven by electric motor,

belt or steam. Pig. 31 shows the atmospheric type of

absorption machine, and Pig. 22 shows the tubular type

of absorption machine.

METHOD OF OPERATION OF CARBONDALB MACHINE.

Aqua ammonia, such as can be bought from chem-

ical houses in drums, is put in a horizontal generator,

generally pumped in with the aqua ammonia pump
after the machine is connected and tight, and this

aqua is heated with steam coils to about 220° P., more

or less, at which temperature the ammonia gas is driven

ofE and the pressure gradually rises until it reaches

about 150 pounds pressure per square inch when it

starts to condense in the condenser. If the condenser

is of sufficient capacity and the gas is well cooled with

the water coils, it is impossible to raise the pressure

much above this liquefying point, even though the gen-

erator is heated with the steam as hot as possible to

force the distillation.

This gas leaving the generator, passes through the

analyzer trays where some of the entrained moisture is

deposited and then passes through the rectifier where

the gas is cooled to about 100° P., which is sufficient

to condense the moisture, but not cool enough to con-

dense the ammonia gas. Patent drip pipes drain back

this condensed moisture to the generator so that only

pure dry gas passes into the condenser, which, as will

be seen by the diagram, is composed of a coil of pipe

with another coil inside, through which water flows,

commonly known as a double pipe condenser. The gas

enters the top, flows through the annular space and is

gradually condensed by the cold surface of the inside

water coil. The liquid anhydrous ammonia which is

clear and looks like water, flows down to the anhydrous
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receiver and when it appears in the gauge glass it is

allowed to expand through an expansion valve into the

brine cooler at about 15 lbs. pressure, where it evapo-

rates and cools the brine which flows through the coils.

This expansion valve is regulated so that only liquid

will pass into the cooler. When opened too wide so that

the liquid is exhausted, gas will pass into the cooler

which has no appreciable cooling effect; in fact if the

expansion valve is wide open the ammonia will be

merely flowing around without producing any cold

whatever.

This liquid in the brine cooler as it is heated by

the brine, turns into a gas which must be recovered

and delivered again to the generator. For this purpose

the outlet pipe is connected into the bottom of an ab-

sorber which is kept full of weak ammonia which

flows over from the generator and which, when cooled,

is capable of reabsorbing the gas that has already been

driven from it. This gas has such an affinity for liquor

that it often makes a little crackling noise during the

absorption which generates heat, and for this reason

the absorber is full of tubes through which water flows

to keep it cool. This strong solution is pumped back

to the generator where it is redistilled. Since the cool

liquor in the absorber has to be heated in the generator

and the hot liquor in generator has to be cooled before

it will reabsorb the gas in the absorber, an exchanger

is used to save this heat; in fact, it heats the strong

liquor the same as a feed water heater heats the boiler

feed water before entering the boiler.

The diagram shows also a double pipe weak liquor

cooler where the weak liquor, after leaving the ex-

changer, is further cooled with water before entering

the absorber.

The water for cooling purposes first flows through

the condenser, condensing the ammonia, then through

the absorber, and then through the weak liquor cooler
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and rectifier. Generally, cooling water is obtained at

about 60° or 70° F., and the temperature on leaving the

machine is about 100° F.

ATMOSPHERIC TYPE.

The Atmospheric Type possesses the following ad-

vantages :

Where the atmospheric air is cooler than the outlet

water, advantage can be taken of the air cooling efEect.

If the water is muddy the coils can be easily brushed

clean without stopping the machine.

The condenser, absorber, weak liquor and rectifier

coils can be placed on the roof, thus saving space in

the engine room and requiring a cheaper building.

Any dirt on them can be seen.

They can be galvanized and kept painted so as to

protect them from the corrosion of salt water.

TUBULAR TYPE.

The Tubular Type has the following advantages:

All machinery can be placed in the engine room

without having any splashing of water.

The water can be pumped through the coils and

delivered anywhere without repumping.

There is less pipe surface to renew.

With some kinds of water the pipes corrode and

scale less.

TYPE TO USE.

AH types of the Carbondale system are designed so

they will produce the same results, and that type should

be selected which is most suitable for the conditions of

operation.

Generally the selection depends on the quality of

the cooling water and whether the apparatus is to go

in the engine room or on the roof.

ADVANTAGES OF THE CARBONDALE ABSORPTION SYSTEM.

(1) It takes very little steam, viz: 30 lbs. per

hour per ton refrigerating effect.
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(2) If exhaust siaam or waste heat is available it

takes no live steam except that required to run the

small ammonia pump.

(3) It has no heavy moving parts and cannot be

materially damaged by a careless engineer.

(4) It has no oil to clog and insulate the pipes.

(5) It takes a minimum amount of care and at-

tention.

(6) It does not require heavy foundations, can be

placed on the top floor of a building and makes no

noise or vibration.

(7) It can easily and economically produce low

temperatures.
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CHAPTEK XIII.

Columbus Absorption Machine—Description of Principal

Parts—Generator—^Ammonia Condenser—Cooler—^Absorb-

er—Ammonia Pump—Exchanger—Steam Condenser

—

Fore Cooler and Distilled Water Storage Tank.

The principal parts of the Columbus improved ab-

sorption ice machine are shown in Fig. 33. These

parts are the generator, ammonia condenser, ammonia

cooler, absorber, ammonia pump, exchanger, steam

condenser and feed water heater, and the fore cooler

and distilled water tank.

The generator consists of a large semi-steel cylin-

der, and may be divided into two parts, viz., the bot-

tom half, or generator proper, and the top half, or

rectifier. The lower half, or generator proper, con-

tains a series of extra heavy wrought iron pipe coils,

the inlets of which connect through the bottom of

the generator by a manifold to the steam pipe from

the steam boiler. The outlets of these coils are also

connected by a manifold to a pipe which returns to

the steam condenser. Around these coils is a twenty-

six degree aqua ammonia, continuously supplied by

the ammonia pump, and from which, as steam passes

through the inside of the coils, the anhydrous gas is

driven off. This gas then passes to the upper half,

or rectifier, which contains a series of deflecting or

baffle plates, and, by the arrangement of these deflect-

ing or baffle plates the moisture in the anhydrous gas

is taken out, and allows the gas to pass out of the

top of the rectifier perfectly dry. From here this gas
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is taken to the ammonia condensers. This boiling

process having taken place, there is left, in the bottom

of the boiler, a very weak charge of aqua ammonia
(known as poor liquor) which is automatically driven

off through the exchanger and cooling coils to the ab-

GCNERATOR STEAH CDNDtNS£n

FIG. 23.—SECTIONAL VIEW OF COLUMBUS ABSORPTION MACHINE.

sorber. The steam on passing through the coils in

this boiler is next taken into the steam condenser.

AMMONIA CONDENSER.

The ammonia condensers are of two types, viz., sub-

merged and atmospheric. The submerged type con-

sists merely of oblong extra heavy wrought iron pipe

coils submerged in an oblong steel tank. The atmos-
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pheric is a series of oblong extra heavy wrought iron

pipe coils placed on a deck or tower, and by means

of sprinkler troughs over the top water is allowed to

circulate over the outside of the coils.

The anhydrous ammonia, on leaving the rectifier,

passes through these condensing coils and the tem-

perature is reduced below the boiling point of sat-

urated ammonia at the pressure of the ammonia boil-

er. This leaves the anhydrous ammonia in a liquid

state, and it is then passed from these coils to the

expansion valve, where it is expanded through the

coils in the freezing tank, producing refrigeration.

After passing through these freezing tank coils the

rich gas is taken through the coil in the distilled

water tank, and from there back to the absorber.

COOLER.

The construction of the cooler is similar to the

condenser in both the atmospheric and submerged

types. Poor liquor being drawn oil automatically

from the generator through the exchanger, must be

reduced in temperature before going to the absorber,

as the colder the poor liquor, the more readily will

it absorb the rich gas with which it comes in contact

in the absorber. This reduction in temperature is

accomplished by passing the poor liquor through the

cooler coils, over which water is circulated, the same

as over the ammonia condensers. From these coils

the poor liquor is taken to the absorber and sprayed

in at the top.

ABSORBER.

The absorber consists of a large semi-steel cylin-

der containing extra heavy wrought iron pipe coils,

very similar to the generator proper. The gas having

been driven out of the aqua ammonia in the gen-

erator, and having been condensed and expanded

through the freezing tank coils, it is necessary to re-
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claim it, or mix it again with the poor liquor left

in the bottom of the generator, so as to form the

original aqua ammonia which is pumped into the

generator. Thus the poor liquor is automatically

passed through the exchanger and cooling coils, en-

tering the absorber through a spray pipe near the top.

The cold gas from the freezing tank, after pass-

ing through the distilled water tank coil, enters the

absorber and is sprayed upward through a spray pipe

in the bottom of the absorber. In this manner the

rich gas is re-absorbed by the poor liquor, and forms

the original twenty-six degree aqua ammonia. All of

this action takes place in the shell of the absorber,

and being a chemical action, heat is generated. This

heat is carried off by means of water being circulated

through the pipe coils inside of the absorber and

leaves a charge of rich ammonia at a temperature

below that at which anhydrous is driven out; conse-

quently it is in a complete liquid form, in which

shape it is much easier to handle than in gaseous

form.

AMMONIA PUMP.

The duplex fly-wheel ammonia pump used is the

only moving part of the machine and this is so con-

structed that either side is sufficiently large to take

care of the machine independent of the other, there-

by giving practically a duplicate plant. The am-

monia stuffing boxes on this pump are of special de-

sign, and any leakage that may take place around

the ammonia stuffing box is returned through leakage

chamber and bypass into the suction line. By this

construction it is only required to pack against a liquid

instead of gas, and to prevent loss of ammonia to pack

only against the suction pressure, ranging from one to

twelve pounds. The pump is used for circulating the

ammonia, taking its suction from the bottom of the
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absorber, after the rich gas has been re-absorbed by the

poor liquor, and discharging it through the exchanger

shell into the top of the rectifier and from there into

the ammonia boiler.

EXCHANGER.

The exchanger consists of a semi-steel cylinder con-

taining an extra heavy wrought iron pipe coil, acting

merely as an equalizer, or what may be plainer, a feed

water heater for ammonia.

The poor liquor coming from the ammonia boiler

at a high temperature passes through the coil in this

exchanger where it is partially cooled, and from here

into the poor liquor cooler coils. The lower the tem-

perature of this poor liquor the less work has to be

done in the cooler coils and absorber. The rich am-

monia taken from the absorber by the ammonia pump
is discharged through the shell of the exchanger, and,

of course, the higher the temperature of this am-

monia on entering the generator the less work to be

done there. Thus the forward ilow of rich ammonia

is heated, and at the same time the return poor liquor

cooled, thus economizing in both steam and water.

STEALS! CONDENSER AND FEED WATER HEATER.

The feed water heater consists of a semi-steel shell

containing one or more circular coils. The boiler feed

pump, taking its suction from the warm water which

passes from the ammonia condenser coils, discharges

it into the shell of this heater and from there direct

to the steam boiler.

The steam from the generator coils, after serving

its purpose in boiling the aqua ammonia, passes

through the shell of this heater and the same action

takes place as in the exchanger. Thus the water going

into the steam boiler is heated to a very high tem-

perature, and at the same time the distilled water is
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condensed and stored in the distilled water tank. This

also is a saving in fuel as well as condensing water.

FORE COOLER AND DISTILLED WATER STORAGE TANK.

The fore-cooler and distilled water storage tank is

a circular tank made of sheet steel and contains two

coils. The distilled water after passing from the feed

water heater or steam condenser is sprayed into the

top of this tank and passes downward over the two

coils. Through the top coil is circulated cold water,

which carries off a great deal of the heat from the

distilled water as it passes over. Through the bottom

coil is circulated the return rich gas from the freezing

tank, which, though it has performed its work in the

freezing tank, is still at a very low temperature, and

by passing it through the fore-cooler brings the tem-

perature down to just a few degrees above the freezing

point, thus leaving a minimum amount of work to be

done in the freezing tank.

In the top of this distilled water tank is placed a

large opening, so that any foul gas coming over from

the condenser, and which condenses at a lower tem-

perature than the steam, is allowed to pass out into

the atmosphere. This tank is also fitted with a goose-

neck water sealed overflow pipe, so that, if for any

reason, the ice cans in the freezing tank are not filled,

surplus distilled water can be carried ofE and either

allowed to go to waste or stored in an auxiliary tank.

This prevents any undue pressure in the distilled

'.vater tank, or the backing of the distilled water into

the steam condensers.

As a summary, the operation of this machine may
be defined as follows:

Steam admitted to coils in the ammonia boiler

drives off the gas, which ascends through the rectifier

where it is dehydrated. Trom there this gas passes

to the condenser, is liquefied, and then expanded into
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the freezing tank coils. After passing through these

coils it goes through a coil in the distilled water tank,

and thence to the absorber where it is re-absorbed by

the poor liquor returning from the ammonia boiler,

which poor liquor has first been cooled by passing

through poor liquor cooler and exchanger coil. This

enriched liquor is then pumped through the exchanger

shell to the ammonia boiler, and commences the same

continuous cycle of operation again.
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CHAPTER XIV.

Description of Polar Absorption Machine—Various Parts of

Machine—(Jeneral Construction—Operation—Kfhciency^
Installation.

The Polar Refrigerating Machine, of the absorption

type, consists of a still for evaporating dry ammonia
gas from a solution of aqua ammonia; a condenser for

liquefying the gas; a brine cooler, expansion coils or

other apparatus in which the liquid ammonia expands

again into a gas, thus producing the cold; an absorber

in which the gas is absorbed by weak aqua ammonia
from the still, which is thereby enriched, and an am-

monia pump which returns the rich liquor from the

absorber to the still, in order that the gas may be re-

evaporated, thus making a continuous process.

The generator, analyzer, rectifier and heater or ex-

changer form the still in Fig. 24, which shows a dia-

gram of the machine. The charge of aqua ammonia

in the generator is heated by steam passed through

coils A. The latent heat of the steam is the principal

factor used for this purpose, the steam being condensed

in the coils from which it may be trapped and returned

to the boiler at practically the temperature correspond-

ing to the pressure under which it is condensed. The

heat derived from the steam drives the ammonia gas out

of the solution under pressure and it passes upward

through the analyzer where any water held in sus-

pension is removed by a series of trays which act as

baffle plates. The gas then passes to the rectifier

through pipe B where any moisture is condensed, trap-
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ped off and returned to the generator through pipe 0.

In some cases, owing to local conditions, such as the

quality of the water, location of the rectifier, etc., at-

mospheric and double-pipe rectifiers are installed, shown

in Figs. 25 and 26, instead of the submerged type

shown in Fig. 24. Their operation is similar.

The anhydrous gas thus formed then passes to the

condenser through pipe D, where it is cooled by contact

with the water cooling coils, E, and thus liquefied or

condensed. Condensers of the atmospheric and double-

pipe type, shown in Figs. 27 and 28, are also installed,

but they are not as efficient as the shell and coil type

of condenser shown. Local water conditions frequently

make one of the open types preferable, but it is neces-

sary to allow considerably more floor space for them.

The liquid anhydrous ammonia falls to the bottom

of the condenser which serves as a reservoir, or, in some

cases, where a condenser of several sections is used, a

separate receiver is installed and all sections are drained

into it. The ammonia liquid is then conducted by pip-

ing to a brine cooler, or some form of expansion coil

located in a brine tank or in rooms or boxes to be re-

frigerated, being fed into the cooler or coils through an

expansion or regulating valve F, which allows a very

fine adjustment of feed.

After passing this regulating valve the liquid may

then absorb the heat from the brine, or room, or articles

to be refrigerated, and in taking up this heat passes

or is changed from the liquid to the gaseous form

again. The ammonia, again in the form of anhydrous

gas, passes to the absorber, shown in Figs. 24 and 29,

by pipe G, where it comes into intimate contact with

the weak ammonia liquor from the bottom of the gene-

rator. The higher pressure in the generator causes the

weak aqua, left after the gas is evaporated, to flow

through the honter or exchanger to the absorber by
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pipes H and I. Upon entering the absorber the weak

aqua passes through a regulating valve and it is sprayed

out over the cooling coils K, through which the cooling

water from the condenser is circulated, and which re-

moves the heat generated in the absorber, owing to the

absorption of the gas by the aqua ammonia. In some

eases the weak aqua on its way to the heater from the

absorber is passed through a weak liquor cooler. Hori-

zontal tubular absorbers are also built, for use with

salt or scale-forming water, where frequent cleaning is

necessary. These are held to be more efficient than

the vertical tubular absorbers, owing to the counter

current of ammonia and cooling water, but require

more floor space.

The rich or strong liquor thus formed in the ab-

sorber by the union of the returning gas and weak

liquor is then removed by a small, slow-moving am-

monia pump, through the pipe J, which returns the

strong aqua ammonia through the heater to the gen-

erator. The heater is simply an economizer, and serves

as an exchanger of heat between the strong and the

weak aqua, cooling the weak liquor before it goes to

the absorber and heating the strong liquor on its return

to the generator. From the heater the strong liquor

passes to the analyzer through the pipe L, and thus

ilows down through the analyzer trays, being further

heated before reaching the generator.

The brine cooler, as its name indicates, is a vessel

in which brine is cooled by the ammonia for the pur-

pose of distributing the refrigeration produced by the

machine. The shell and coil type, illustrated in Figs.

34 and 30, is the most efficient type of brine cooler

made. It consists of a shell with continuously wound
coils running through it, the whole vessel being in-

cased in heavy insulation. The brine is pumped
through the coils where it is cooled and from there it
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passes to the rooms or apparatus which are to be re-

frigerated, returning to a brine storage tank, from

whence it is again taken by the pump and passed

through the cooler, etc., in a continuous operation. In

conjunction with the stills and absorbers these coolers,

in a number of cases, are commercially cooling brine

to thirty-five degrees below zero.

CONSTRUCTION OF THE MACHINE.

The closed vessels of the machine are all made with

either heavy cast-iron or steel shells and heads. All

continuously wound coils are welded throughout and

made of wrought-iron, lap-welded, extra heavy pipe

projecting through stuffing boxes in the heads and term-

inating in headers or junction boxes outside of the

shells. The generators and submerged rectifiers have

oval coils. The coils on condensers and absorbers are

provided with valves and tees so arranged that any one

coil may be cut out and opened for cleaning purposes,

while the vessel is in operation. All openings in shells

for connections are either flanged or tapped, and when

tapped, are re-enforced with stuffing boxes and glands,

and all valves and fittings are extra heavy to guard

against leakage. Each pipe line between vessels is

protected by one or more valves easily accessible and

care is always taken in erecting the piping to see that

it is properly supported. Draining connections are

made to the absorber to facilitate emptying the various

vessels of ammonia should the occasion require. All

vessels are provided with automatically closing liquid

level gauges and pressure gauges mounted on a deco-

rative cast-iron gauge board. The ammonia pumps are

controlled by automatic governi)rs in order to main-

tain a constant aqua ammonia level in the absorber.

The coils in the generators are constructed so as to

allow of free drainage of the steam condensed in them.

In condensers, absorbers and coolers of the shell and
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coil type the double wound coils are frequently used,

which, in comparison with the single wound coils, will

permit the same amount of water or brine to be cir-

culated through them with about half the friction pres-

sure. Absorbers and coolers with double coil winding

are illustrated in Figs. 39 and 30, respectively. This

type of double wound coil is always used for the con-

denser and absorber where warm condensing water is

encountered. On exhaust steam machines the generator

coils are also frequently of the double wound type.

OPERATION' OF THE MACHINE.

The skill required to operate the Polar machine is

such as is needed to run a boiler. The engineer has

under his control the weak liquor valve and the usual

expansion valve or valves depending upon the apparatus

to which the high pressure side of the machine is con-

nected. These are the only valves needing adjustment

while the machine is in operation. The valves for the

steam to the generator and the ammonia pump are

controlled by automatic regulators, that for the am-

monia pump adjusting itself for any given positions

of the expansion and weak aqua valves. The machine

has but one moving part, the ammonia pump, its mo-

tion being extremely slow ; and because of this lack of

moving parts the machine can be operated continuously

twenty-four hours a day for an entire season without

undue wear and tear. Different degrees of temperature

may be maintained by very slight changes in the ex-

pansion and weak liquor valves.

EFFICIENCY.

The machine receives its power directly from the

latent heat of steam without the wasteful losses ex-

perienced in a steam engine. The steam condensed in

the generator coils may be returned to the boiler at a

temperature corresponding to its pressure and always

much above that of the average feed water. All hot or
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;old parts of the machine arc thoroughly insulated to

avoid any loss to or from the atmosphere or surround-

ings. This type of machine permits using the exhaust

FIG. 29.—ISBELL-PORTER ABSORBER, PUMP GOVERNOR ATTACHED.

steam from the ammonia, brine, water, or other auxil-

iary pumps in the generator coils. With this use of

exhaust steam the machine surpasses in efficiency the
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most approved form of steam engine that may be used

in driving a compressor and also gives an extremely

low coal consumption for a plant so equipped. In

cold storage work one still and condenser may be used

to operate two different sets of absorbers and coolers

operating on high and low temperature brine respect-

ively, which is the most efficient manner of carrying

high and low temperature rooms in a cold storage

warehouse. The machine operates as economically on

zero temperatures as at twenty degrees above zero.

Where low temperatures are essential, low back pressure

may be maintained and a large volume of low pressure

gas absorbed by slightly increasing the weak liquor feed

and the speed of the ammonia pump.

INSTALLATION.

The absorption machine is absolutely noiseless in

operation and free from vibration, owing to the absence

of heavy moving parts. This also obviates the neces-

sity of building large and heavy foundations, as the

machine may be placed upon any substantial floor. For

these reasons, the machine is particularly adapted for

use in large steel buildings, hospitals, apartment houses,

as well as in the regular line of cold storage ware-

houses, fish freezers and ice making plants. The differ-

ent parts of the machine are symmetrically arranged,

compact in appearance and, when necessary, may be

placed in an extremely small area, although it is of

course advisable to have sufficient room around the

vessels so that they may be properly and conveniently

cared for.

A supply of condensing water is of course essential

to the operation of any refrigerating machine. The

amount of water must be determined by its temperature

and quality. The surfaces of the Polar machine are

designed and arranged so that the water from the con-

denser will be sufficient for use in the absorber through
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FIG. 30.—ISBELL-PORTER BRINE COOLER, SHELL TYPE.
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which it is passed on leaving the condenser, and the

water from the machine may at all times be used in

the building, for boiler feed and sanitary purposes,

cooking, washing, etc.

One of the most important uses of the machine is

in connection with plate ice plants. Its high efficiency

at low temperatures in connection with a brine cooler

makes it possible to freeze and harvest plate ice in

forty-eight hours, or less, with the same, or better, econ-

omy than may be obtained when the freezing is done

at temperatures considerably above zero.
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CHAPTER XV.

Description of Vogt Absorption Machine—Construction of

Generator, Rectifier, Separator, Condenser, Weak Liquor
Cooler, Exchanger, Aqua Ammonia Pump, Absorber and
Brine Cooler—Operation of Machine.

The latest type of Vogt absorption machine is il-

lustrated in Fig. 31. It embodies several new features

and improvements in construction, yet adheres strictly

to the well-known principle of the Vogt machine, that

of not having any spiral coils or bent pipes submerged

in ammonia.

The generator consists 'of two or more horizontal

cylinders mounted one above the other. These cylin-

ders contain the steam heating coils which are made of

extra heavy straight pipe connected with steel return

bends. On top of uppermost horizontal cylinder is

placed the analyzer, which consists of a cylinder con-

taining a series of perforated trays and baffle plates.

The rectifier or dehydrator is of the double pipe

type. The gas from generator enters at the top and

travels downward through the annular space between

the two pipes and out at the bottom. The strong liquid

is used as a rectifying medium and enters the coils at

the bottom and passes through the inner pipe in an

upward direction and out at the top. A separator con-

taining a series of baffle plates is used with rectifier in

order that the watery vapors that have condensed in

rectifier may be separated and trapped back to gen-

erator.

The condenser is of the double pipe type. The gas

from separator enters at the top and travels downward
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through the annular space between the two pipes and

out at the bottom. The cooling water enters at the bot-

tom and passes through the inner pipe in an upward

direction and out at the top.

The weak liquor cooler is of the double pipe type,

and built exactly like the condenser. The weak liquid

enters at the top and travels through the outside pipe

like the gas in the condenser. Both the condenser and

weak liquid cooler coils are connected up with flushing

headers so that each coil may be shut o£E, the flow of

water reversed and mud blown out without interfering

with the operation of any other coil. The water bends

can be easily disconnected without disturbing the am-

monia joints, leaving the inner pipe open at each end

for cleaning and inspection.

The exchanger is of the double pipe type. The

weak liquid from the generator enters at the top and

travels downward through the outside pipe and out at

the bottom. The strong liquid from rectifler enters at

the bottom and passes upward through the inner pipe

and out at the top. All the double pipe constructions of

the Vogt machine are made with stuffing boxes on one

end of each pipe only; the other end is held firmly

threaded in a flange having a tongue and groove joint

and bolted to header.

The aqua ammonia pump is of the double-acting,

fly-wheel type, of heavy design and usually operates at

from 18 to 35 revolutions per minute. It is regulated

by a Mason oil governor so as to maintain a constant

speed under varying steam pressures. The speed of

pump can be instantly changed by simply inserting a

key and turning to the right for a lower, and to the

left for a higher speed.

The absorber, shown in Fig. 31, is the horizontal

tubular type. The shell, piade of flange steel, is riv-

eted or welded to heavy steel heads at each end, through

which the tubes are inserted and expanded. The tubes
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are made of extra heavy charcoal iron and arranged

so that with the baffle heads bolted on each end, the

cooling water will pass eight or more times the entire

length of the absorber, thus increasing the circulation

of the cooling water, and the efficiency of the cooling

surface. The gas enters the bottom of the absorber

through perforated pipes. The weak liquid enters the

top of the absorber through a number of spray nozzles,

and any ammonia gas that has passed through the liquid

in the shell without being absorbed by same will be in-

stantly absorbed by the weak liquid spray at the top.

An automatic regulator is used in connection with the

absorber to automatically control the flow of weak

liquid to same.

The brine cooler, shown in Fig. 31, is of the hori-

zontal tubular type. It is almost identical in construc-

tion with the horizontal tubular absorber Just described.

The liquid ammonia is contained in the shell, from one-

half to three-quarter full; the brine is circulated

through the tubes eight or more times the entire length

of the cooler. When located in a room exposed to at-

mospheric temperatures the cooler is usually insulated

with sheet cork and lagged with hard wood. While the

type of machine illustrated is their latest and preferred

construction, the manufacturers of the Vogt machine,

when required, use their vertical tubular absorber, and

when the cooling water makes it necessary, will use at-

mospheric type absorber, condenser and weak liquid

cooler. A liquid anhydrous ammonia receiver is usually

connected in on liquid line from bottom of ammonia

condensei to brine cooler ; this is not shown in the illus-

tration, because with the shell type brine cooler, the

same can be used as a receiver and a separate receiver

omitted if desired.

OPERATION OP VOGT MACHINE.

The operation of the Vogt type absorption machine
may be summarized as follows:
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The strong charge of aqua ammonia is drawn from

the absorber and pumped to the bottom of the rectifier

and travels upward through the inner pipes, and out at

top, and on to the bottom of exchanger; the liquid

travels up\<'ard through the inner pipes and out at top

and on to analyzer, where the liquid falls in a spray

from one pan to another until it reaches the top cylin-

der of generator; it then flows the entire length of top

pipe, overflows to the second pipe, travels the entire

length of second pipe and overflows into bottom pipe.

After having traveled the entire length of the three

horizontal cylinders over the steam heating coils, the

remaining weak liquid is taken off at the end of bot-

tom cylinder farthest away from the strong liquid in-

let, and conducted to the top of the exchanger ; here the

weak liquid travels dowiiwnid through the outside pipe

and out from bottom to top of the weak liquid cooler,

and downward through the outside pipe of same, and

out at the bottom, and on to the regulating valve on

the absorber. From the regulator the weak liquor is

admitted to the absorber in quantities proportional to

the liquid pumped out of the bottom of absorber.

The gas generated from the strong aqua by the

steam coils, passes out at the top of each horizontal

cylinder and up to analyzer where the gas passes

through the strong liquid spray, and on through a

series of baffle plates to remove moisture from same.

From the analyzer the gas is conducted to top of the

rectifier and travels downward through the outside pipe

and out at bottom to the separator; here the moisture

that may yet remain in the gas is separated and drained

from bottom of separator and admitted to the top cylin-

der of the generator. The gas from the separator passes

to the condenser at the top and the liquefied ammonia

is taken out at the bottom and conducted either to a

receiver or direct to the brine cooler. The gas generated

by the evaporation of the liquid ammonia in the brine
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cooler is conducted from top of brine cooler to bottom

of the absorber. Here the weak aqua rapidly re-absorbs

the gas, forming again a strong solution of aqua am-

monia, and the double cycle of circulation is thus com-

pleted.
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CHAPTER XVI.

Description of the York Absorption Machines—Shell and Coil

Generators— Multitubular Generator— Analyzer— Dehy-
drator— Condenser — Absorber— Exchanger—Weak Aqua
Cooler—Aqua Pump—Brine Coolers—The Kcveral Types
of Each Apparatus Outlined.

Two types of generators are built, one known as the

horizontal shell type with a vertical analyzer, and the

other known as the multi-tubular type, having a hori-

zontal analyzer.

The shell and coil type generator is made of flanged

steel, having a tensile strength of from 55,000 to 60,000

pounds per square inch. The flanges are made of steel

and the heads of air furnace iron. All seams are

welded, no rivets whatever being used. The ends of the

shell are annealed and flanged over the steel rings

which are shrunk on the shell. The flanged portions of

the shell are machined so as to form the male part of

a male and female joint with the head. After comple-

tion the generator is subjected to a hydraulic test of

500 pounds per square inch. The shell contains a ser-

ies of continuously welded trombone style coils, made

of extra heavy lap-welded wrought-iron pipe. When
desired, these coils are also made up with special return

bends.

The vertical analyzer used on this generator has a

welded shell, air furnace iron heads, and steel flanges,

constructed same as generator shell, and is connected

to the generator by means of a large steel nozzle welded

to generator shell, at one end, as shown in Fig. 32,
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and contains a series of improved perforated cast iroE

trays.

The multi-tubular generator consists of one or more

shells, placed one on top of the other, and supported

by cast iron stands. The shells are welded and the

heads are of air furnace iron, with steel flanges, same

as generator shell described heretofore. The heating

surface is of double tube construction. The tubes being

made of extra heavy lap welded pipe, the inner or
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FIG. 32.—YOEK SHELL AND COIL GENERATOR AND VERTICAL
ANALYZER.

steam inlet tubes being connected to a steam chamber,

and extending to the rear of the outer tube which is

closed at rear end, and which is connected to a drain

chamber at the front end. Bach shell is provided

with a gas outlet; strong aqua inlet; weak aqua outlet;

pump-out; gauge and purge connections. When more
than one shell is used, they are usually operated in

series, but they are connected in such a manner that

they can be operated in multiple.
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The horizontal analyzer consists of a welded steel

shell, having long cast iron trays, placed in a horizontal

position. A gas inlet and outlet connection is pro-

vided, also a strong aqua inlet and outlet, and a drip

connection from dehydrator, as shown in Fig. 33.

Two types of dehydrators are built, the submerged

type and the atmospheric type. The submerged de-

hydrator consists of a rectangular tank, having one or

more extra heavy continuously welded trombone style

coils, each coil made to drain to bottom pipe, which is

Outtt
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FIG. 33.—HORIZONTAL ANALYZER AND MULTI-TUBULAR GENERATOR.

connected to a high pressure separator, which separates

the weak liquor condensed in the dehydrator and returns

it to the analyzer; the gas passing through the sep-

arator to the ammonia condenser.

The atmospheric type dehydrator consists of one or

more coils, return bend type. A drain connection is made

from each return bend to the separator, and each coil

is provided with a cooling water sprinkling device.

The ammonia condenser is made in three types, the

atmospheric, double pipe counter current, and the

shell and coil type. The atmospheric type consists of
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coils made up with return bends. They are provided
with slotted pipe or galvanized trough sprinkling
device, and are made with either a vertical or horizontal

preliminary coil. The illustration, Fig. 34, shows a

condenser having a horizontal preliminary.

The double pipe counter current ammonia con-

denser consists of one or more coils having a pipe within

FIG. 35.—YORK DOUBLE-PIPE AMMONIA CONDENSER.

a pipe. The cooling water passes through the inner

pipe and the ammonia through the outer pipe. In the

condenser shown in Fig. 35, numbers one and two in-l

dicate the gas inlet and liquid outlet, while four and
five indicate the water connections, and three represents

the purge out.

The shell and coil ammonia condenser is made with

a welded flange steel shell with air furnace iron heads
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and steel flanges, and contains a number of extra heavy

contimionsly welded coils, as shown in Fig. 40. The

joints on shell are made same as the generator and

analyzer, and both shell and coils are tested with a

hydraulic pressure of 500 pounds per square inch.

TYPES OF APPAEATUS.

The absorber is made in three types, the horizontal

tubular, vertical shell and coil, and atmospheric type.

The horizontal tubular type consists of a welded

shell with cast iron water heads and heavy flanged

steel tube heads, into which are expanded the tubes.

The water chambers at each end are divided into a

number of parts, causing the water to pass repeatedly

ays out ,S.JlOvcr/law
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FIG. 36.—YORK HORIZONTAL TUBE ABSORBER.

back and forth through the tubes and various water

chambers, the water entering the top set of tubes and

finally leaving the bottom set. The gas and weak

aqua enters the shell at the bottom through perforated

distributing pipes and the strong aqua overflowing at

the top as shown in Fig. 36.

The vertical shell and coil absorber consists of a

welded shell with steel flanges and air furnace iron

heads, made in the same way as the generator and

subjected to the same hydraulic test. It contains a

series of continuously welded extra heavy pipe coils, and

is provided with a perforated gas and weak aqua dis-

tributing spreader in the bottom, and a strong aqua



THE ABSORPTION RKl-niGERATING MACHINE 115

1h



116 THE ABSOEPTIOII EBFEIGEEATING MACHINE



THE AHSOliPTIoN REFRIGERATING MACHINE 117



118 THE ABSOEPTION REFEIGEKATING MACHINE

overflow at the top. The cooling water enters the coils

at top and leaves at the bottom.

The atmospheric absorber shown in Fig. 37, consists

of one or more coils, made up with return bends. The

weak aqua enters the bottom pipe which has a per-

forated gas distributing pipe, the strong aqua over-

flowing from the top pipe. Each coil is provided with

either a slotted pipe sprinkling device or a galvanized

sprinkling trough.

Each absorber, regardless of type, is furnished with

a strong aqua tank or receiver, from which the aqua

ammonia pump takes its suction; the strong aqua

from the absorber overflowing into the tank. This is

a cylindrical tank supported on cast iron stands, and

is made of flanged steel shell, with welded longitudinal

seams; the heads are of flanged steel welded to shell.

It is provided with glass liquid level gauges with auto-

matic cocks.

The exchanger is made in two types, the double

pipe type, and the vertical shell and coil type.

The double pipe type consists of one or more coils,

having a pipe within a pipe, assembled with gland

flttings; the strong aqua passing through the inner

pipes, and the weak aqua between the inner and outer

pipes, as indicated in Pig. 38.

The vertical shell and coil exchanger is made sim-

ilar to the shell and coil condenser (Fig. 40). It has a

welded flange steel shell with heavy air furnace iron

heads and steel flanges, and contains a number of con-

tinuously welded coils, made of extra heavy lap welded

pipe. All joints are made as explained under head

of shell and coil generator, and are subjected to the

same hydraulic test. The strong aqua enters the bot-

tom of shell and overflow's at top, while the weak aqua

enters the coils at top of shell and leaves same at the

bottom.
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The weak aqua cooler is made in two types, the

double pipe, and the atmospheric type.

The double pipe type is constructed similar to the

double pipe ammonia condenser, having a pipe within

a pipe, with gland fittings; the weak aqua entering

the outer top pipe and leaving at the bottom, while

FIG. 40.—SHELL AND COIL EXCHANGER, CONDENSER, BRINE COOLER

AND ABSORBER.

the cooling water enters the inner bottom pipe and

leaves the top one.

The atmospheric type weak aqua cooler consists of

one or more straight coils, made up with return bends,

or continuously welded, with slotted cooling water

sprinkling device or galvanized trough on top; the
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weak aqua entering the bottom pipe of coil and leaving

at the top.

The aqua ammonia pump is a double acting type,

and is capable of handling any strength of aqua without

becoming gas bound. Each pump is provided with a

suitable cast iron base which acts as a drip pan, and is

furnished with a suitable speed regulator which auto-

matically regulates the speed of the pump.

The brine coolers are made in three types, the

double pipe counter current; vertical shell and coil,

and horizontal shell and tube.

The double pipe counter current type consists of

one or more coils, having a pipe within a pipe with

gland fittings. It is shown in Fig. 39. Numbers one

and two indicate the ammonia outlet and inlet, while

four and five show the brine inlet and outlet, and num-

ber three is the purging out connection.

The vertical shell and coil brine cooler is made

practically the same as the shell and coil ammonia

condenser (Fig. 40), having a welded flange steel shell,

air furnace iron heads and steel flanges, and is sup-

ported by means of cast iron legs attached to the lugs

which are provided on the bottom head. It contains

a number of coils continuously welded and made of

extra heavy lap welded pipe. The liquid anhydrous

ammonia is injected into the bottom and the gas leaves

the top of shell. The brine is pumped into the bottom

of coils and leaves the top.

The horizontal shell and tube brine cooler is made

very similar to the shell and tube absorber shown in

Fig. 36. It has a welded flange steel shell and tube

heads, and east iron brine heads. The shell is filled

with extra heavy tubes expanded into tube head. The

brine chambers at each end are divided into a number

of compartments; the brine entering the bottom of

brine head, passing through the tubes and compart-

ments at a high velocity, and leaving at the top. The

shell is supported on heavy cast iron stands.
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CHAPTER XVII.

Voorhees' Multiple Effect Receiver—Prevention of Evapora-
tion at the Expansion Valve—Tables Showing Gains Made.

Referring to "Refrigerating Machines, Compression,

Absorption," on page 15, is given a copyrighted table

which is here reproduced as follows:

Condenser pressure 140 lbs. 170 lbs. 200 lbs.
Condenser temperature 80° 90° 100*

Refrigerator pressure. lbs 431 lb. .441 lb. ,451 Ibi

Refrigerator temperature, 29° 19.0% 20.8% 22.5%

Refrigerator pressure, 15 lbs 420 1b. .430 lb. .440 1b.

Refrigerator temperature, 0° 14.4% 16.2% 18.0%

Refrigerator pressure, 30 lbs 415 1b. .425 1b. .434 1b.

Refrigerator temperature. 17° 11,0% 13.4% 15.2%
Copyright In United States and Great Britain.

In the above table the pounds of ammonia per min-

ute per ton of refrigeration and the per cent of this

amount of ammonia that is evaporated at the expan-

sion valve are given for 0, 15 and 30 pounds gauge

back pressure, and for 140, 170 and 200 pounds con-

denser pressure, together with ammonia temperatures

due to these back and condenser pressures.

An inspection of this table will show that from

11.69{> to 22.5% of the liquid ammonia is evaporated

at the expansion valve in cooling the liquid ammonia

from its temperature due to the condensing pressure,

to that due to its back pressure.

The ammonia so evaporated at the expansion valve

does practically no actual refrigeration in the refrig-

erator and requires just as much power to get it back

into the condenser as does an equal amount of vapor

formed from ammonia liquid evaporated in the

refrigerator.
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If this evaporation at the expansion valve could be

prevented, in whole or in part, the capacity of the re-

frigerating machine would be increased and the power

to operate it would be reduced. For example, at 200

pounds condenser and pounds back pressure the per

cent of ammonia evaporated at the expansion valve is

22.5%. If this evaporation could be entirely prevented

the capacity of the machine would be increased 29%:

100

77.5

The Voorhees Multiple Effect Eeceiver (patented),

hereafter called M. E. E., is designed to prevent nearly

all of such evaporation at the expansion valve. The

device is simplicity itself, but in order to use it the

refrigerating system must be operated at two different

back pressures.

This may be done by means of a Multiple Effect

Compressor, hereafter called M. E. C. (for description,

see January, 1907, and February, 1911, Ice and Refrig-

eration), or through a multiple effect absorption sys-

tem, or by using two different back pressures, one on

each side of the piston of a double-acting compressor,

or by two compressors or two absorbers.

Briefly, the M. E. E. takes out most of the vapor,

at a high pressure expansion valve, that would other-

wise be formed at the low pressure expansion valve and

the resultant liquid ammonia so cooled and freed from

vapor is again expanded through the low pressure ex-

pansion valve.

In the figure, which is diagrammatic and which

has the relative size of the M. E. E. greatly exaggerated

for clearness, the ordinary cycle of operations (if the

M. E. E. and high pressure refrigerator were not used

and if the M. E. C. were operated as a common com-

pressor at one back pressure) is as follows:
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Assume 200 pounds condenser and 15 pounds back

pressure; under these conditions the liquid ammonia
flows from the condenser through the dotted pipe to

expansion valve B, where its pressure is reduced from

200 to 15 pounds and its temperature from 100° F. to

0° F., thereby evaporating 18% of its weight in so

cooling itself. Now, if in place of having the liquid

ammonia from the condenser go directly to expansion

valve B, it passes the float-governed expansion valve

A, and into the M. E. E., it is evident that the ammonia
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liquid will cool itself to the temperature due to the

pressure in the* M. E. E. and that the vapor so formed

will flow out of the top of the SI. E. E. to the high

pressure suction inlet of the M. E. C and the result-

ant cold liquid ammonia free from vapor will flow from

the M. E. E. past expansion valve B, whereat its pres-

sure is finally reduced to 15 pounds, and a small quan-

tity of* vapor is so formed in further cooling the liquid

to 0° F.
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If the pressure in the M. B. E. were the same as

that in the low pressure refrigerator all the vapor that

would ordinarily be formed at expansion valve B would

be formed in the M. E. E., and the liquid ammonia

would be cooled to the refrigerator temperature, which,

in this ease, would be the exact duplicate of the accumu-

lator of a flooded system. This, however, is not the

ease, for the pressure in the M. E. E. is a little higher

than that in the low pressure refrigerator (and there-

fore the liquid ammonia is a little warmer than the low

pressure refrigerator), dependent upon the require-

ments of the refrigerating system.

In its simplest application the M. E. E. has a

pressure just enough higher than that of the low pres-

sure refrigerator to take care of the maximum possible

quantity of vapor that would otherwise be formed at

the low pressure expansion valve.

If two back pressures are to be used they should be

used to their maximum advantage. In all applications

of refrigeration the refrigeration is either done at two

different back pressures or could to advantage be so

done; particularly when it is remembered that the

capacity and economy of a compressor increases as the

back pressure increases.

The two back pressures are determined by the nature

of the refrigeration to be done. When any part of the

refrigeration of a system could be done at a higher

back pressure the whole plant is operated at a daily

loss of capacity and increased cost for coal if it is not

so done. For high temperature work a high back

pressure is used and for low temperature work a low

back pressure is used. So for ice making use high back

pressure to cool the water to say 34° F. and low back

pressure to freeze the water into ice. In cold storage or

packing houses use high back pressure for the cooling

rooms and low back pressure for the freezing rooms.

In breweries use high back pressure for the Baudelot
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coolers and low back pressure for the cellars. In air

cooling for blast furnaces use high back pressure to

partly cool the air and low back pressure to finish the

cooling, thus cooling the air in two stages, etc.

Looking again at the figure, let us consider an ice

making plant with 90° condensing water and 15 pounds

back pressure. This will give us 200 pounds condensing

pressure and 100° liquid ammonia from the condenser

and 100° water from the flat cooler. To cool one pound

of this 100° water in a forecooler requires 66 B. T. TJ.

(100—34X1=66). To cool the 34° water to 33°,

freeze it into ice and cool the ice to the brine tempera-

ture requires 154 B. T. U., or, in all, 220 B. T. U., and

to this must be added the various losses due to exposure,

meltage from the cans, etc.—in all about 10% more.

But such losses apply to the forecooler nearly as

much as to the rest of the system, so that in cooling the

water from 100° to 34° we used 30% of the refrigera-

tion required for the whole process (66^220^.30).

Now all of this 30% could be done at a higher back

pressure than 15 pounds, and if it were so done it is

evident that the ice making capacity of the 15-pound

back pressure compressor would be increased thereby

by 43% (.70+.30-f-.70=1.43).

The high back pressure can be anything desired ac-

cording to the quality of refrigeration to be done by

it, so long as the temperature due it is not too high.

In this case it could be anything from 15 pounds to 50

pounds, according to the refrigeration to be done in

the forecooler.

With the use of a M. E. C. and a M. E. E. this

high back pressure automatically regulates itself with-

out any attention whatsoever on the part of the engineer

to the speed of the compressor or the high pressure ex-

pansion valve. The automatic float expansion valve A
in the II. E. E. takes care of this at all times and under

all conditions.
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In the figure we see that the high pressure refrig-

erator which is now used as a forecooler to cool the

water from 100° to 34° is connected to the M. E. E.

just as a flooded system refrigerator would be connected

to an accumulator, so the liquid from the M. E. E.

circulates from the M. E. E. through the high pressure

refrigerator (forecooler), the resultant vapor and some

liquid returns to the M. E. E. and the vapor rises and

joins that formed at expansion valve A, and passes out

to the high pressure suction inlet of the M. E. C.

Here we see the M. E. E. has the compound func-

tions, 1st, of cooling all the liquid ammonia for both

high and low pressure refrigerators ; 3d, of acting as an

accumulator for the high pressure refrigerator (fore-

cooler) ; 3d, of regulating the quantity of ammonia used

in the high pressure refrigerator (forecooler). With

such a system, which can easily be applied to any exist-

ing plant, the following advantages result : More ice

for less power per ton of ice; the same quantity of ice

for less power per ton of ice for a slower speed of com-

pressor. The ice making case above cited is less severe

than most of the Southern ice making conditions.

With a Multiple Effect Eeceiver the increase in

capacity of a common compressor made multiple effect

would (if the volumetric efficiency remained constant)

be proportionate to the absolute back pressures used,

plus the gain of the M. E. E.

When using a compressor M. E. C. the volumetric

efficiency is greatly increased over that of a common
compressor because the high back pressure gas comes

into a comparatively cool cylinder just after suction of

the low back pressure vapor—in place of coming in con-

tact with a hot cylinder just after discharging a cylin-

der of hot gas into the condenser (see p. 20. Eef.

Maeh. Comp. Abs.).

All common compressors are usually built with

large enough engines to operate at high back pressure
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60 such engines will be powerful enough, if such a

compressor is made M. E. C, and even if not, a slightly

higher boiler pressure would make them so.

Cut out a short piece of your suction pipe, put in a

M. E. C. device, put a collar on the piston rod and a

link motion to be actuated by collar to move valve in

M. E. C. device, and your compressor is made M. E. C.

When you remember the cost saved of foundations,

extra engine room space, attendance, oil, waste, repair

of same, and at the same time the cost to change the

simple compressor engine to a compound one you will

see where the money inducement lies.

A new compressor M. E. C. would cost practically

the same as an old style compressor.

The following table will give a guide as to what can

be done as to extra capacity and saving to power

:

ComparlBon of Ice Making Capacities and Horse Power of Compres-
sion Machines for 00° Condensing Water, 15 lb. Back Pressure
and 200 lb. Condensing Pressure, with Present Compressor Oper-
ated at a Constant Speed Under These Conditions, and with Some
AddUions to or Modincatlons of Ice Making Plants.

Increased Decreased
ice-making h. p. per
capacity. ton ice.

Present compressor and present apparatus. . 0% 0%
Present compressor with a M. E. R. and an

additional small compressor to take care
of vapor at high back pressure from
M. E. R 18% 4%

Present compressor made M. E. C. with
M. E. R. to take care of vapor from
M. E. R. at high back pressure 21% 12%

Present compressor with an additional com-
pressor to take care of vapor from fore-
cooler at high back pressure 43% 7%

Present compressor with M. E. R. and an
additional compressor to take care of
vapor from forecooler and M. E. R 69% 10%

Present compressor made multiple effect to
take care of vapor from forecooler at
high back pressure 43% 18%

Present compressor made multiple effect with
M. E. R. to take care of vapor from fore-
cooler and M. E. R. at high back pressure 70% 25%

Present compressor with engine changed from
simple to compound non-condensing en-
gine will use about 28% less steam.

The ice manufacturer of the future, whether he

makes can or plate ice, need no longer be tied down to

the great losses of the present day. The can ice man
can make up his distilled water with the use of a

multiple effect still and the plate ice man has all the
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water he wants anyway. (See table of ice making

possibilities, p. 54, Eef. Mach. Comp. Abs.)

It will be noticed that to run two old style com-

pressors, one at high and one at low back pressure,

would only save 7% of the power and that naturally

has kept machine builders from generally so dividing

the compressors for ice plants, as the saving is too small

to bother with. But when 70% gain in capacity and

26% saving in power becomes possible by changing the

present compressor to a M. E. C. and using a

M. E. E., the matter would seem too attractive to let

pass without most careful consideration.

In most all application of refrigeration, the refrig-

eration can be divided into high temperature refrigera-

tion and low temperature refrigeration. The following

are some of the gains for M. B. C. and M. E. K. for

very much less horse-power per ton of refrigeration than

if one compressor at the low back pressure were used,

or if two common compressors were used at two back

pressures

:

Increase of
refrigeration
M. E. C. and

M. E. B.
Brewery cellars and Baudelots 46%
Ice making and brewery 70%
Low temperature cold storage and Ice making 77%
Air cooling for blast furnaces 102%
Low temperature and high temperature refrigeration for cold

storage or packing house 107%
Street pipe line refrigeration and cooling offices and theaters. 197%

In ice making it is evident that to cool water from,

say, 100° to 32°, and freeze it into ice with liquid am-

monia at 100°, if the water is cooled from 100° to 34°

and the liquid ammonia is cooled from 100° to 15°

without using any refrigeration at the low back pres-

sure for this cooling of water and ammonia, the capac-

ity of the compressor for freezing ice at the low back

pressure will be greatly increased.

Any make of compressor operated its present speed,

whether single or double acting, retaining the same
size piston and same length of stroke, changed to a
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Multiple Effect Compressor and used in connection with

a Multiple Effect Eeceiver, will then operate at two

different hack pressures, a low back pressure the same

as at present for freezing the ice and a higher back

pressure to cool the water before it goes to the cans and

to cool the liquid ammonia before it goes to the expan-

sion valve. The gain in ice making capacity and saving

in horse-power per ton of ice for various condensing

water temperatures is as follows

:

Condensing water
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CHAPTEE XVIII.

Voorhees' Multiple Effect Absorption System, Used with

Voorheea' Multiple Effect Eeceiver.

It is often desired to do refrigerating by taking up

heat at two or more different planes of temperature.

Such refrigeration has been done in the past either by

taking up the heat at the lower plane of temperature

or by employing as many different refrigerating ma-

chines as there are planes of temperature.

The Voorhees Multiple Effect Absorption System

(patented) consists of an absorption apparatus having

two or more sets of refrigerators and absorbers ar-

ranged to maintain different pressures in the refrig-

erators and absorbers so that the refrigeration may

be done at two or more planes of temperature without

requiring a complete absorption machine for each plane

of temperature. The different pressures in the refrig-

erators and absorbers are controlled by the tempera-

ture and per cent of strength of the absorbent in the

absorbers. For a given absorber temperature a low

absorber pressure requires a less strength of absorbent

than does a higher absorber pressure. Low tempera-

ture in the refrigerator requires less absorber pressure

than does high temperature in the refrigerator; and

when the absorbent in an absorber is saturated with gas

at a low pressure it will still have a capacity, even at

a higher temperature, to absorb more gas at a higher

pressure.

In general, in an absorption ammonia system em-
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bodying my invention, aqua ammonia from a single

still by being exposed, seriatim, to ammonia gas in a

series of absorbers, each absorber being at a higher

pressure than the absorber before it in the circuit, can

seriatim absorb more and more ammonia gas and be-

come resaturated in each absorber.

During absorption, the liquor which has absorbed

gas in the lowest pressure absorber is passed to that

absorber in which the next higher pressure is main-

tained, and so on; though if preferred the several

absorbers may be connected in parallel to the still so

that different portions of the weak liquor from the

still may pass through the several absorbers and may
be discharged thence into the still from the several

absorbers separately.

This improved method and device requires much

less apparatus than when refrigeration at a number

of different temperature planes is conducted accord-

ing to the prior methods, and there is a great saving

in cooling water and steam, as well as a great saving

in the first cost of apparatus.

A Multiple Effect Eeceiver was fully described in

Ice and Refrigeration (August and September, 1909),

and it automatically partly evaporates and cools the

liquid ammonia for the low pressure refrigerator with-

out the use of cooling coils at the pressure of the high

pressure refrigerator and so makes the ammonia of the

low pressure system just that much more effective.

An adaptation of the multiple effect absorption sys-

tem and the M. E. R. is shown in the accompanying

illustration, where 90° condensing water is used. As-

suming that the reader is familiar with the common ab-

sorption system, the illustration should practically ex-

plain itself with this brief additional description.

Heavy lines show new parts. Here 100° liquid anhy-

drous ammonia flows past expansion valve A, where

its pressure is reduced in the M. E. E. to 37 pounds.
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SO that part of it evaporates and thus cools the balance

to 24°.

This 24° F. liquid ammonia flows through regu-

lating valve B to the forecooler and through expansion

valve C to the freezing tank coil. The gas from the

freezing tank coil at 15 pounds pressure flows to the

C D90°. CON DEN3 I NGi WATER
i CONDEMSER RECTIFIER

»- 78^ MORE ICE—
LOW PRESS. LK^. Pui I

mi ]^
,t- . r*l S > HlGiH

VOORHEES MOUTlPUE EFFECT ABSORPTION
SYSTEM S[> MULTIPLE EFFECT RECEIVER

low pressure absorber and the combined gases from

the M. E. R. and forecooler at 37 pounds flow to the

high pressure absorber. The forecooler cools the water

from 100° to 34° and the freezing tank coil cools the

brine to 16°, which freezes the water into ice and cools

the ice to 16°; 20% weak liquor from the generator

flows into the low pressure absorber and in absorbing
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the 15-pound gas becomes 30% liquor, and is pumped
by the low pressure liquor pump to the high pressure

absorber (in place of, as of old, via the dotted line to

the exchanger). This 30% liquor now absorbs the 37-

pound gas in the high pressure absorber and becomes

36% liquor and is then pumped by the high pressure

pump to the generator via the exchanger and analyzer

as of old.

We see the M. E. R. cooled the liquid ammonia
from 100° to 24° and the forecooler cools the water

from 100° to 34°, both at 37 pounds back pressure and

so take just that much refrigerating load off the low

pressure apparatus so it can do just that much more

freezing. Formerly 14% of the refrigeration was used

to cool the ammonia from 100° to 24° and 30% to cool

the water from 100° to 34° at 15 pounds back pressure.

Now all the refrigerating capacity of the low pressure

system is devoted to freezing ice, whereas of old only

56% was so devoted. Therefore the old absorber, ex-

changer, liquor pump, generator, etc., will, with the

M. E. R. and the high pressure absorber and liquor

pump, do 100% of freezing; therefore 100 -r-.56=
1.78, i. e., the low pressure apparatus will now make

78% more ice. The following table shows what gains

in ice making can be had by the addition to the old

absorption system of an extra absorber and liquor pump
and a multiple effect receiver for various temperatures

of condensing water:

% More Ice by
Temp. Cond. Water. M. B. A. & M. E. R

100° 94%
90" 78%
80° 63%
70° *9%
60° 37%
B0° 26%

Any absorption machine, as for ice making, cold

storage or any other purpose, can be made "Multiple

Effect" and its capacity greatly increased by installing

an extra absorber and liquor pump under this patent.
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CHAPTBK XIX

Useful Tables

COMPARISON OF FAHRENHEIT AND CENTEGRADE THER-
MOMETER SCALES.

°p.
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COMPARISON OF CENTEGRADE, FAHRENHEIT AND
REAUMUR SCALES.

0.
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PROPERTIES OF SATURATED AMMONIA—(Wood)
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PROPERTIES OF SATURATED AMMONIA.
CALCnLATBD FROM THE ORIGINAL FORMULA OF PROF. DB VOLSON

WOOD BT OEO. DAVIDSON, M. E.

Compiled especially for and originally published In Ice and
Refrigeration tor December, 1904.

Tempera-
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PROPERTIES OF SATURATED AMMONIA—Continued.

Tempera-
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PROPERTIES OF SATURATED AMMONIA—Continued.

Tempera-
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PROPERTIES OF AMMONIA LIQUOR—Starr.

1.
1.84
2.

3.
3.
4.

6.
5.30
6
6.80
7.

8.
8.22
9.

10.
11.
12.
12.17
13.
13.88
14.
15.
16.
16.22
17.
18.03
19.
19.87
20
21
21.75
22.
23.03
24
24.99
26.
27.
27.66
28.
29.

29.60
30
31.05
32
33
33.25
34
35
35.

16

20

37
38
38.20

^

Pounds gauge pressure (top line)
and degrees Fahrenheit.

28

60 29

206.3 223
301.4219
201.1 21S
195.8 213
191.5 208

190.5 207
185.2 202
183.5 200
180.0197
175.8193,
174.9192
170.0187

15168.8185
165.4182
160.8 177
156.4173
151.9
151.0^68
147
143.7
143.2
139.0|l55.8
t34.r

19133.1
130,

126.

122.:

21119.'
,

118.9535.5
tl5.2p:31.8

22112,"
112,

23108J

24 101.5117.8
98.3 114.6

6 234,

3 231
5 230,

225,

8 221,

7 220,

214,

7 212.

1209,
205.

1204.
2199,
8197.
"194.

7189,
2185.

5164.
"160.

160,

8151
8 150.

6147.
2142.
3138

180,

179,

176,

172,

171,

167,

6163,
6162,
4159,
9154,
9160,

4h35.9 147,

147,

143,

141,

140,

5136,

9129.
0128.
0124^
8121.
BUT

121.

3120,
2117,

95.1111.4123

93.0f09.4r
92/
88 9
87 !o 103.3114
85.8102.1
82.6
80.1
77.4
76.5
74.6
72.0
70.4
60.5
67.2
65.0
64.5

10

113
110,

2107,
"104,

6103
7S02

99
97
96
94
92.

91

15 20

,9247.

.5 343.

,8 242.

.5 236.

.0 232.

231,

,6 225.

8 224.

2 220.

216.

215.

1?10.
8 209.

5 205.

6 200.

1196,
6191,
9191,
4187,
3183,
8182,
6178,
4174,
3173,
1170,
6165,
7161,
6158,
1168,
4154,
0151,
1151,
1147.
9143.
3140.
2136.
1133.
0131.
0130,
0127,
,7125.

6124.
,2120.
,6118,

,9115.

9114.
,0112,

.4U0.
,8 108.

9107.
6105.
,3104.

S102.

4 256.2 263.

251.7 259.

1250.9 258.

,6 245.6 253. 3
3l241.0|248.7
2 240.0
8 234.6
1 232.8
5 229.2 237
2 224.9 232.

3 223.9 231
218.9 226.

217.7
""

214.3 222.

6 209.2 216.

1 204.7 212.

9 200.6 208
199.6 207,

4 L96.1 203,

4192.0199,

191.5tl9?.2

15

225.4

7187.3
5 183.1
3181.4
1178.2186,
6174.2181,
6170.3177,
6167.2174,
2 166.7
6 163.0
9 160.5
0159.6167,
155.6 163,

8 152.4 160

1148.6
""

9 145.5
7142.3
7140.1
6139.1
5 136.0
4133.9
2 132.7
9129.4
3126.8
6124.1
6123.1
7 121.2
1118.6
5117.0
5 116.1
2113
9111.5

20 25

25

8 270.

4 266.
265
260.21266.8

156

153,

150,

147,

146,

143,

141,

140
137,

134,

131,

130,

128,

126.

124,

123,

121,

119,

111.0118.7

30

4 277,

4 272,
271.'

6 254,

2 249,

5 247,

243,

239,

238,

233,

232,

229,

9 223,
219.
214.

213.
210.

206.

205,

201,
197,

196,
3192.
188,

185,
181,
181,
177.

2174.
3173,
3170.
1166.
3163.
159.
156.

9 154.
8 153
,8 150,

6148
147,

143
140
138
137,

9135,
3133,
131.7

1.8130,
5128,
2126,
125.7

30

35

262
7 260,

3 255
5 253
250
246

6 245
7240
4 238
235

9 230
4 225,

8 221,

6 219
216,

212,

211,

207,
203,

201,
198,

9195,
0191,
5187,
1186.
4183.
6180.
7179.
0175.
8 172.
0168.
8165,
6162.
5159.
4 158,

3155.
153.8

0152.
5149.
146.

143.

143.
141.

138.
137.

137.
134.
132.

132.

35

40

1282.
,7 278.
9277.
272,
267.

9 266.

6 261.
.8 259.
.2 256.

251.

.1 250.

.1245,

.6 244,

240,
.1235,
,6 231,
,0 226,

,6 225.
,1221.
,1 217.

.6 217.

,4 212.
,2 208.
8 207,
6 203.
1200.
,1196.
2 192,
,7 192,

188,

1185,
2 184,
4 180,
2 177,
4173,
3170,
1 167.
9165.
9164.
8161.
159.

,6 157.
.2154.
,6 151.
,9 149.
,0148.
1146.
,5 143.
9142.
141.

7 140.
5 138.
0138.

8288.1
4 283.7
6 282.8

297.5
293.1
292."

286.9
282.4

7to.8to.1281.4
276.1
274.1

7
277.51282.4
272.9

266.5
264.8
261.2
257.0
256.1
251.2

2 249.3
" 245.9
240.6
236.1

4 231.5
230.3

4 226.8

222.2
9 218.0
213.8 218
212.3'

"

209.1

277.

222.7|227.2
.7

205.7 209
201.7 205

5 197.5 202.3
1197.0
193.3 _

3190.3195
189.4194
185.2"._190
182.0 186
178.6 183
175.5
172.4
170.3
169.3
166.2
164.3
163.1
159.8
157.2
154.5

153.6H57
151.7 155,

149.1 152,
147.5 151,

147.2 151
146.8 150
143.9 149
143.6 149

45

SO 55

.2

.7 271.2

226,

179
176
174
173
170
168
166,

163,

161
158

50

2 296

.1 266.7
265.
260
258.7
255.3
250.0
244."

240,
239.
235,

231,

231
5 227.1
3222.9
221.7
218.5
214.1
210.
206.9
206.4
202.7
199.7

.2198.8

.0194

.8191,

.2187.8
184,

"

7181,
.4 178.
3 177.9
2 174.8
172.7
171.6
168

0165.
163.0
162.1
160.2
157.6
156.0

0155.7
154.9
164.0
153.9

501.9
297.5

.7

291.4
286.S
285.7

4
279.2
275.6
271.1

1
1265.2

.1

259.7
254.4

5 249.r
245.'

8 270

55

60

.4

4
.9

2
7

231.5
227.3
226.1
222.9
218.5
"

.6
211.3
210.8
207.1
204.1
203.2

.8

192.2
.1

.9

.3
183.2
180.2
178.1
176.9
"".5

170.9
168.2
167.3
165.4
162.8
161.2
160.8
159.7
158.6
158.3

243.'

5 239.!

8 236.:

3 235

6199
4195

7189
6185
9183

3 173,

Pounds gauge pressure (bottom line)
and degrees Fahrenheit.
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PROPERTIES OP AMMONIA LIQUOR—Continued.

i
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PROPERTIES OF AMMONIA LIQUOR—Continued.

*!

^
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SOLUBILITY OF AMMONIA IN WATER AT DIFFERENT
TEMPERATURES AND PRESSURES—Sims.

One pound of water (also unit volume) absorbs the fol-

lowing quantities of ammonia:

Absolute
pr'Bure In
lbs. per
sq. In.
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STRENGTH OF AMMONIA LIQUOR.
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DOORS
Doors are a weak point in all storage rooms. Their insula-

tion is important, but their tightness and quick operation is
vastly more so. A leak is an endless expense. Slow moving
doors are hardly less so. Doors that bind and work badly are
shut only when the workman can find no excuse for leaving
them open, which is seldom, if ever.
The following sketches show constructions which are patent-

ed and which are especially contrived to avoid these troubles.
The door makes an overlapping contact, with a soft hemp

gasket in the joint, and is held to its seat against the front of
the door frame by powerful elastic hardware. The thick por-
tion of the door fits loosely, so that considerable change of
size, form and position, due to wear, swelling, etc., does not
make it leak or bind.

Where all old style doors, when they work badly or leak,
must be eased, thus
forever destroying
their fit, a slight re-
adjustment f the
doorframe of these
doors, restores them
to their original per-
fection of fit and free-
dom in a minute, at
no expense.
As these doors do

not stand in the door-
ways when open, it can be six inches less in width than old
style doorways—an important economy in refrigeration.
As remodeled this year, 1911, our time honored locking fast-

ener is vastly improved, both in strength and security. Our
new automatic roller fastener, used, if preferred. The open-
ing in wall to receive these doorframes should be 3^ inches
wider and 4J inches higher than size of doorway in the clear.

Figure B shows wooden beveled threshold, 1| inches thick, which
connects lower ends of doorframe and forms a part of it, let down
into floor. No feather edee, no jolt, no splinters. For warehouses.
AiCComod&tGs trucks
Figure C, cement floor, shows lower end of doorframe connected

by angle irons extending across doorway from one side to the other
below surface to floor.
Figure S shows doorframe with full standard sill and head used

on all sizes of doorframes.
Suited only to walking
through.
Special doors on a modi-

fied plan for intermittent
or continuous freezers, as
well as for general pur-

poses, perfectly tight and perfectly free, regardless of temperature, moist-
ure or accumulation of ice in any degree.

Metal covered fireproof doors.
Vertical sliding insulated doors', counterbalanced. A perfect seal when

closed. For breweries, racking rooms and bottling houses.
Combined Self Closing Ice Door and Chute of three styles, and Ice

Counters.
Patents are granted or applied for on every valuable feature of this

work. Infringers will be prosecuted.

STEVENSON COMPANY - CHESTER, PA.

.
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F
AQUA

AND

ANHYDROUS
AMMONIA

Made from Sulphate

FREE FROM CARBON COMPOUNDS WHICH
CORRODE PIPES AND RETORTS
AND FORM FOUL GASES

HERF ^ FRERICHS
CHEMICAL CO.

St. Louis
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The Polar

Absorption Refrigerating

Machine

DESIGNED TO USE EXHAUST OR LIVE STEAM

Especially adapted for cold storage, fish freezing,

plate ice plants and other purposes where low

temperatures and economy in steam consumption

are required.

Isbel- Porter Go.
BUILDERS. NEWARK, N. J.

ESTABLISHED IN 1865
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Henry Bower
Chemical Mfg. Co.

Philadelphia, Pa.

Distillers of Bower Brand Ammonia

26° B. B. AQUA 29.4%

Especially prepared forAbsorption Machines.

Surpassing Quality. Operators securing best

results from its use. Correspondence solic-

ited.

Also, Chemically Pure Aqua Ammonia. Ab-
solutely perfect quality. Full strength guar-

anteed. Attractive prices for drum lots and
carload quantities.

B. B. ANHYDROUS
This ammonia is free from the volatile oil

contamination which is causing trouble in

many Refrigerating and Icemaking Systems.

Its purity is unapproached by any compet-
ing brand. Maximum results only possible

from the exclusive use of Bower Brand
Anhydrous. Learn to use B. B. Anhydrous
in your Absorption System. Complete direc-

tions in B. B. Booklets entitled "Charging
With Anhydrous Ammonia" and "Anhydrous
Ammonia." These booklets sent free upon
request.

See current number of "Ice db Refrigeration"

for up-to-date list of B. B. Distributors.

For your convenience we have placed stocks

of B. B. Anhydrous in all the largest cities.

Please send your order to the agency nearest
you. You will pe promptly supplied.
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EXHAUST STEAM
Ammonia Absorption

Ice-Makingand

Refrigerating

Macliines

190 tons of ice per day produced
with 7 1-2 tons of slack coal

when worked in combination

with a Compression Plant. For
particulars and further informa-

tion apply to the manufacturers:

Ransomes & Rapier, ud.

ENGINEERS

32 Victoria St. : : London, S.W.

Works: Ipswlcli, England
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The
Grasselli Chemical Co.

MANUFACTURERS OF

High Grade
Aqua Ammonia 26"

Especially Adapted for Refrig-

eration and Ice Manufacturing

GENERAL OFFICES
THE ARCADE, CLEVELAND, OHIO

BRANCHIOFFICES AND WAREHOUSES
New York, Sixty Wall St. St. Paul, Minn., 172 Sc 174 E. 5th St.

Boston, Mass., 855 Summer St. Cincinnati, Ohio, Pearl & Eggle-
Milwaukee, Wis., Canal & 16th ston Sts.

Sts. St. Louis, Mo., 112 Ferry St.

Birmingham, Ala., 825 Wood- Chicago, Ills., 2235 Union Court
wardBldg. Detroit, Mich., Atwater & Ran-

New Orleans, La., Godchaux Bldg. dolph Sts.
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COILS
FOR EVERY PURPOSE

Genuine Special Slow-Corroding
Wrought Pipe Anhydrous Am-
monia and Carbonic Acid

Gas Cylinders

Billets and Slabs

Harrisburg Pipe &
Pipe Bending Co.
HARiaSBURG, PENNA.

Bends of Every Description
Both Wrought and Brass

and Copper

The Harrisburg Feed Water Heater
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At an exhaust steam pres-
sure not exceeding this—

Highly satisfactory results are

obtained in producing ice or

refrigeration as a by product

with a

ID Carbondale Exhaust Steam 01

Absorption Machine

Exhaust steam being utilized

at this low pressure instead of

being wasted in the air or in a

steam condenser, indicates

the economy of the System.

Best adapted machine for new
plants and the ideal one for

increasing the capacity and

efficiency of old plants.

Write nearest office for BuDctiiu, Cataiog', etc.

Carbondale Machine Co.
CARBONDALE, PA.

Eastern Office: Western Office:

SO Church Street 1013 Manhattan Bide.

New York Chicaeo

i

ID
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If you contemplate buying an ice or refrigerating plant,

you should consider an Absorption machine.
And if you want an up-to-date

plant, then buy an

American Absorption Machine

Our machines are equipped with "American"
patented automatic Ammonia Regulators and
"American" patented Dehydrators. These
improvements can also be added to your pres-

ent absorption machine and simplify and
economize the operation.

COMPLETE PLANTS INSTALLED

American Machine Company
Incorporated

LOUISVILLE, KY.

RefrigerationMemoranda
By JOHN LEVEY

A Vest Pocket Book for the R efrig e rating Engin eer

IN THIS BOOK, the author has put together a number
of USEFUL MEMORANDA AND TABLES in plain
everyday engine-room language. All algebraical for-

mulas have been excluded with the idea of placing the
book in the hands of the man at the throttle in such shape
that he may imderstand it without sitting up ali night to
figure it out. fl Short chapters have been devoted to the
various parts of refrigerating plants, of ice factories, pack-
ing houses and breweries, and to the general care and
arrangement of plants, fl The book is of convenient size

to carry in the vest pocket, so that every engineer can
have his practical memoranda at hand at all times.

Price, bound in flexible leather cover - - - 75 Cents
Sent prepaid to any address on receipt ofPrice

NICKERSON & COLLINS CO., Publishers
CHICAGO, U. S. A.
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Compend of Mechanical

Refrigeration
A BOOK of 600 PAGES

Eiglilh Edition

The Most PojHilar

Booli Vet Written

on MBGlianical Re-

frlgaratlon.

By

ProLJ.E.Siebel

Director Zymotflcti-

nte Instltule

Cliicaeo

Presents, in a convenient form, the rules, tables, form-
ulae and directions which are needed by refrigerating

machinery engineers, ice manufacturers, cold storage
men, brewers, meat freezing establishments, packers,
contractors and all others interested in the practical

application of refrigeration. It is, in fact, designed to

give ready and plain answers to most of such questions
as are daily occurring in any one of the different

branches of practical refrigeration.

Price: Bound in Cloth, $3.50; Bound in Morocco, $4.00

Sent Prepaid to Any Address on Receipt of Price

Nickerson & Collins Company, Publishers
431 So. Dearborn Street CHICAGO, ILL.

Refrigerating Machines
Compression, Absorption

Being a Comparison of Capacities and Economies of
Compression and Absorption Systems and of Combined
Compression and Absorption Systems.

By Gardner Tufts Voorhees, S> B.
Author of

"Indicatimg the Befriaeratino Machine" and
*'27ie Absorption Mefrigeraiina Machine"

'PHIS BOOK has much data in a form that is applicable
-^ to practically all problems of capacity and economy
of refrigerating machines and it should be of great value
to all engineers, salesmen and owners of refrigerating
machines. It is a complete treatise on the vital features
of compression and absorption machines and their com-
binations, and the operation of their various parts.

Price: Bonnd in Cloth, $2.00. Fnll Morocco, $2.50.

l!Se by Nickerson & Collins Co. ^'i.'^A'^rTL!!:
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2! Recognized Authority
in all

matters

relating to

Mechan-

ical

Refriger-

ation

A
MONTHLY
REVIEW

of the

Ice, Ice Making,
Refrigerating,

Cold Storage

and
kindred trades

TEEE oldest publication of its kindin the world, and the only medium through
which can be obtained all the reliable technical and practical information re-

latingtotheacienceofmeohanicalicemakin^andrefrigeration. ICE AND
REFRIGERATION is invaluable to anyone owmng or operating, or in any way
intorested in ice making or refrigerating machinery. It has won the confidence of

all classes of the trade throughout the world by its absolute independence and im-

partiality. It aims to bea thoroughly lepresentatire paper, catering to no partic-

ular class, but striving to become indispensable toall. 1 1 is not shackled by any pet

theoriea.andnomanorclassofmenhaa any private pull with it. Its columns are

open to the entire trade: to anyone who has anything of mterest or value to say.

SUBSCRIPTION PRICE

In U. S., Canada and Mexico, $2.00peryear

In all other countries, - - - 3.00peryear

Payable in advance.

Remit by post office or express vioney orders, or 6y bank

dr^ft on Chicago or New York.

NICKERSON & COLLINS CO.
PtjBUSHERB Chicago, U. S. A.
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By the
Author of

'Indicating the
Refrigerating

The Absorption
T-k n • J

• Refrigerating

Keiris^eratin g;
Machine andO ' O "Refrigerating

-« y|-
-I

• Machines*

MaCnine compression,

___^_^_^^^____ Absorption.

By GARDNER T. VOORHEES, S. B.

A complete, practical, elementary treatise of the
absorption system of refrigeration, and its broad
general principles of operation, showing also_ its

development. Profusely illustrated with original
drawings by the author.

ni>Tr>r< 3 Bound in Clotli^ $2.00
*^^^^^

] Bound inFullMorocco,. . . 2.60

Sent prepaid to any address upon receipt of price.

NICKERSON & COLLINS CO., Publishers

CHICAGO, U. S. A.

Indicating- the ofthei^lctfoftolre
Ammonia Compressoripr

En-|-k C * A * *"^ oteam isngine

K Plfl OTf^Tft T1n O" wi* Practica 1 Instruc-

-^^^'-'-'^S^^**'-'^-"6 tions Relating to the~~~~~—^~^~^^^^"^^^^~"' Construction and Use
"\T_._1_;,__ _of the Indicator and
iVlaCnlne Reading and Comput-
^_^^_^__^_^^_ ing Indicator Cards,ing .

By GARDNER T. VOORHEES, S. B.

The book contains a simple elementary description of
the Indicator and Simple Practical Tables forapply-
ing the true^ compression .curve to the Indicator
Card. So simple are these tables that any man
competent to run a compressor can use them.

PnTPTT J
Bound in Cloth $1.00""*'*' (Bound in Flexible Morocco, . 1.60

Sent prepaid to any address on receipt of price

NICKERSON & COLLINS CO., Publishers
CHICAGO, U.S. A.
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GardnerT.Voorhees

Refrigerating
Engineer and Arcliitect

S. B. Massachusetts Institute of

Technology, Class of '90, Member
of the American Society of Mechan-

ical Engineers, Member of the

American Society of Refrigerating

Engineers. Best possible refer-

ences given.

MECHANICAL REFRIGERATION
In All Its Applications, as

Cold Storage Warehouses, Ice Fac-

tories, Street Pipe Line Refrigera-

tion, Breweries, Factories, Hotels,

Clubs, Hospitals, Office Buildings,

Theatres, Banks, Skating Rinks,

Etc., Etc.

EXPERT WORK, TESTS,
APPRAISING,ETCETC.

53 STATE STREET

(Cable Address. "Coldmaker"]

Boston, Mass. : : U. S. A.

JJ
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DE LA VERGNE
MACHINE CO.

Manufacturers of

COMPRESSION
REFRIGERATING MACHINES IN SIZES FROM

5 TO 600 TONS CAPACITY

600 TON HORIZONTAL MACHINE

FOR GOOD REASONS, BASED ON PRACTICAL EXPERIENCE
WE ADVOCATE THE USE OF

AMMONIA COMPRESSION
REFRIGERATING
MACHINERY

IN ALL CASES WHERE

MECHANICAL
REFRIGERATION

IS REQUIRED

DE LA VERGNE MACH. CO.
1 1 38 EAST 1 3STH STREET NEW YORK
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Ammonia V^es
and Fittings

\ For the trade
a specialty

We manufacture all of the con-
stituent parts, and are therefore

able to guarantee uniform excel-

lence in all parts of the plant.

Branch Offices

in all the

Principal Cities

General Western
Office:

Monadaock .Block

Chicago .

York Manufacturing Co.
Main Office and Works

YORK, PA.



YORK MANUFACTURING CO.
The Largest Ice Machine
iManufacturers in the World

We Build Both Absorption
and Compression Systems

Absorption Plants

Of either Exhaust Steam
or High Pressure Type

Compression Plants

Of either Vertical Single -Acting
or Horizontal Double-Acting

Compressors

• * »

Generator and Analyzer

All seams welded and shell flanged over steel

rings to form male and female joints with heads.




