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INVESTIGATION OF YHE METHODS OF

ICE MANUFACTURE

INTRODUCTION - Object of the Thesis

The authors had in view, in writing this thesis,
to become familiar with the different methods of refrig-~
eration used in ice marnufacture, the machines used for
the various processes, the water best adapted for the mak-
ing of clear ice and the many details of »lent overation,
so as to be able to decide what process of ice manufacture
would be‘the best for a certain locality when all the
factors bearing upon this matter are known and also to
be sble to decide which will be the most advantageous

way of remodeling old ice plants.



PART 1

REFRIGERATING SYSTEMS AND

METHODS OF ICE MAKING

The most important methods of regrigeration
used in ice manufacture are the Compression System and
the Absorption System.

1. - Compression System.

The principle of the compression system is
based on the proverty of the refrigerant to ecool itself
88 its pressure is reduced. For the purvose of hav-
ing the refrigerant at a high pressure level, we make
use of the compressor; the work of compression heats the
refricerant and therefore use is made of condensers, to
cool and liquefy the refrigerant while at a hirh nressure;
as the refricerant passes through the expansion valve
vart of it evaporates, thus cooling the rest of the re-
frigerant which passes through the coils or brine cooler
where it abstracts the heat from the cooling medium or
brine, thus evaporating; when the refrigerant leaves the
coils or brine cooler it is in the state of a saturated
vapor, partially saturated or slightly superheated, depend-

ing on whether we are working our compressor "wet"or "dry."



Thus the cycle is established, and the refrig-
erant is constantly circulating in a closed system, be-
ing compressed and warmed in the compressor, cooled and
liguefied in the condensers, reduced in pressure throuweh
the expansion valves and evaporated and warmed in the
brine cooler, from where the refrigerant is carried again
to the compressors to repeat the c¢ycle of overations.

The gpparatus used in the compression system ;;i;
The compressor built universally of the reciprocating
type§ and classified as vertical or horizontal, single-
acting or double-acting, low speed or high speed. The
size of the compressor depends on the refrigerant used
and on the capacity of the plant, Having decided on the
cgpacity of the plant, the smallest compressor will be
thet using carbon dioxide (002); next in size will be thatA
uging ammonia (NHz) and the largest will be the compressor
using sulphur dioxide (802) approximately in a ratio of
1:4:13. On the other side, with cooling water available
at 70° F, the carbon dioxide compressor will be working a-
gainst a pressure of from 900 to 1000 pounds vper square
inch while the NHZ compressor would work against 160 to 180

pourds per square inch and the SO_ compressor asgainst 50

2
to 60 pounds per square inch, under the same conditions.
The condensers may be of the atmospheric or double

pipe type, the cooling agent bteing water. The atmospheric



type abstracts heat from the refrigerant by the evap-
oration of the water as it drirs over the condenser
tubes. Heat is also abstracted by direct transfer to
the cooling water and air surroundinge the condenser.

In the double pipe condenser, heat is removed only by
direct transfer to the cooling water and air. In both
tyves of condensers, use is made of the countercurrent
principle, as it insures greatest heat transfer. The
expancsion valve is gimply a throttling device and there
are no great differences bhetween the wvarious types. By
its means we are able to regulate the back pressure of
the refrigerant as it leaves the coils.

The coils are usually made up of 1 1/4" pipe
running lengthwise of the freezing tank betiween each row
of cans end connected to headers &t the end of the tank,
A brine cooler is sometimes used instead of the coils;
the brine cooler is essentially the same as a horizontal
tubuler btoiler; the refripgerant enters at the bottom cen-
ter of the shell, evaporates, and leaves at the top of
the shell thus cooling the brine which is circulated
through the tubes.

Other apparatus and suxiliaries used in the com-
pression system are: -~ the high pressure oil trap, put
between the compressor amd condenser and devised to sep-

arate all the o0il fed to compressor cylinder amnd carried



éway by the refrigerant. ‘The Nﬂz or 002 receiver, put
betwsen the condensers and the expansion valves, The
brine asgitator, to keep the cooling medium eirculating,
thus 1néuring greater heat transfer. Another oil or
scale trap is used in the low pressure side, between the
cooling coile and the comvressor.

New developments in the compression system
have led to the multiple effect compression, used where
different levels of iow temberature are meintained.
Instead of compressing all the refrigerantrfrom the
lowest temperature level, the refrigerant is admitted
to the compressor cylinder at two different back pres-
sures by means of a special device thus reducing the work
of compression. Its originator, Mr, G. T. Voorhees,
claims a‘saving of from 15 to 25 per cent of the work of
compression, Special devices have now bgeh vattented
which are sdaptable to the ordinary compressor and which
permit?%his multiple effect compression.

For lérge install ations and where a variable
capacity is desired the compound compressor has been
used extensively. It works exactly on the same princi-
ple as the compound =ir compressor, thus saving much of
the work of sdiabatic compression. 1In this case, how-

ever, all the refriperant is admitted to either eylinder



at the same time, there beins no multiple effect.
2, = The Absorption System.

This system 1s based on the affinity of cool
water for the refriperant gas and the ease of expelling
the refrigerant from the water by the application of
heat. The process is similar to that of the compression
system, the generator taking the place of the com-
pression stroke, while the absorbder replace& the sue-
tion stroke. NE; is used universally as the refrigerant
in the absorption system because water absorbs it more
readily than any other substance, as may be seen from
the sccompanying table:

¥olumes of gas absorbed by 1 volume of water

Temp. Degrees Centigrade NHS 002 502
0 . 1299 1.71 79.8
10 910 1.20 56.6
15 802 1.02 47,3
20 711 0.88 39,4
25 635 0.76 32,8
30 0.67 27,2

Frbm this table, it is easy to see how dependent the
absorption system is on the temperature of cooling

water.



Zssentially, the avparatus used in the absorp-
tion system consists of:~ the generator, where the strong
aqua ammonia is heated by means of steam coils, thus driv-

ing out the NH_; (see illustration, Fie. 1) the rectifier

3
or analyzer or both, where the HE5 from the generator vass-
es in order to leave any moisture which it may have (see
illustration) the condenser, where the dry HH5 gases

are condensed, passing through to & receiver, From the
receiver, through a throttle valve, the"NH3 goes to the
brine cooler where it absorbs the heat from the brine.

The Nﬁa having vaporized in the brine cooler, passes over

to an absorber, where it meets the week liquor left in

the generator; the weak liquor, having been cooled in the.

GAS TO CONDENSER
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Fig, 1
exchanger and the weak liouor cooler, absorbs the NHS

gas. FYrom the absorber, the strons liquor is pumped to
the generator, passing first through the exchanger where

it cools the weak liquor.



The cooling water passes first over the ammo-
nis condensers, then through the absorber and then
through the rectifier and weak liquor cooler. In each
of these apraratus the water is heated; after leaving
the weak liquor cooler the water is sent to a cooling
tower or spray pond where its temperature is reduced,
the water being ready to e recirculated.

Por different levels of temrerasture, the
multiple effect invented by G,T. Voorhees is also used
in the Absorption System. This is accomplished by
means of the multiple effect receiver, where the NH; is
expanded to the highest pressure used; this expanded
Nﬂa goes to the M.E.R. where it partly vaporizes, thus
cooling the NHS; pert of this NH3 is circulated through
the high temperature level to be maintained while the
rest is expandecd again to a lower temperature.

The effect of the temperature of the cooling
water ané the pressure of steam used in the generstor is
very marked., We have seen that if the temperature in
the absorber is about 30° €, the wesk liquor will #e% ab-
sorb but 70 % of the gas absorbed at a temperature of 10°C.
This shows that in summer time, when the vlant is worked
to full capacity, or sometimes over czpacity, the absorp-
tion plant will be working to about 70 % of its capacity.
This is surely the reason why the sabsorption machine esn-

not compete with the compression machire in tropicsel climates.
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Also, when more refrigeration is necessary,
we generally increase the steam pressure used in the
generator coils thus inecreassing the pressure of the NHS
and the pump sending the strong liquor into the gener-
ator will have to be increased in capacity to be able
to work agsinst the higher preséure maintained in the
generator.

3. - Advanteges ané Disadvantages of the two Systems.

If we were asked to decide what system was the
best to install in a certain locality for & certain pur-
pose, we would have to consider: first, if there are va-
rious temperature levels to be maintained, with large
fluctuations in the demand for refrigeration we would in-
gstall preferably the absorption system. This system
automatically regulates itself to variable demands, for
refrigeration, as would be the case in an ice plant where
the plate system wag instslled. The temperature of the
refrigerant has to be lowered in a plate plant as the
thickness of the plate ice grows to tske care of the lower
heat transfer., Also what low temperatures have to be -
maintained, as in fish storage, the absorption system is
best adepted for this vurpose. Wﬁen there is plenty of
exhsuet steam available, as in hotels, the Absorption maw
chine may be used in eonjunctibn with the compression ma-

chines advantageously. If the c¢ooling water available is



small in quantity, with & large amount of chemical con-
tents and of a high tempe rature the compression system
will give better results.

If the space available for the plant is very
small and the temperstures to be meintasined very low,
then the coz compression machine will give best results.
It must be understood that cocoling water must be avail-

able, 1n a CO_ compression plant, at a temperature not

2
higher than 70° to 75 ° F, a8 the critical temperature of
o, is 88° F.

If high temperature cooling water is used in
connection with these plants, the 002 gas in the con-
densers will not liquefy, thus the heat transfer will be
very small and the capacity of the whole plant will be
very much reduced. Whe re plenty of space is available
for the erection of the plant at a low cost and the price
of 302 is small, then the sulphur dioxide compression
mechine mey be used advantageously. In the United States
this kind of machine is not used, while in BEurope it is
used extensively.

4., - Freezing Tenk, Harvesting Apparatus, Ice Storage.

Heving discuesed the type of refrigeration best
adapted for a certain ice plant we must turn now to the
freezing tank, that is, the reservoir where the co00l brine

freezes the water and turns it into icse.

w 10 -



Fof the Can Ice System, the tank design is
very nearly standardized whether made of wood, con-
crete or steel. The wooden type may be considered ob-

- solete and was used where wood was of very pood cuality
end of low cost. It had to e caslked very cerefully to
prevent leeaks. The conerete tank hes also been used,

but it is difficult to prevent the appearsnce of cracks
whichk will, in time, develop leaks.,  The steel tank is
the most religble, built up of riveted steel plate with

partitions for directing brine circulation. ror a giv-

Ice Freezing Tank—Assemble

Mg, 2
en refriegerating capacity the tank eize will be found as

follows:~ : '
2000(capaci ty of compressor)(No.of days for freez=-
No. of Cans = ing
Weight of the ice block (Tank 'onnags )
(Compressor “onrsge)

A1l tanks, whether built of wood, cement or steel must be

carefully insulated, considering the heat transmission and

11 -
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the moisture resistine guadities of the insulators. (See

Fie., #3)  Alr spaces, cork (granulated, in planks or

e .
. impregnated), saw dust,
. Bs phad éthoppacd o .
‘ Wl rpesan wood shavines, ete. are all
‘ £ﬂiﬁmﬁw415§" == ‘
v = veed as tank insulstion.
_Aspha e . .
, F” St Hatervroofing of tarks is
L' Gor/f Board -
?éi done by novrine asrhalt
]
X or pitch between layers of
ASF
A1
A irsulatine meterial.
218 STYD oL S T
PP Sl s “The top of the tark is
. //l /qJP alf -
Aspra2e  made up of longitudinel and
Lj“_ﬁkﬂémai
Asphall 'Y
Fig.3 ” transverse wooden strips

Installation of Freezing Tanlk.

forming a grill work (See rFig, #4) and leaving rectangu-

lar spaces where the cans are inserted; on top of the cans

Fig. 4 ‘,
comes the heavy wooder cover to prevent bacteria deposit-

ing on the water and also to prevent the can from tipping.

- 12 -



The brine agitation is accomplished by means of
propellers or agitators which may be either vertical or
horizontal. The horizontal belted low sveed large di-
ameter propeller gives better agitation than the vertiecal
high speed directly motor-driven agitator. The pro-
vellers ere usually set at the end of the tank, and for
laree tanks two or more vropellers may be useé to insure
good circulation. When a brine cooler is used instesd
of the cooling coils the vropellers are used to forece or
vull the brine throush the cooler tutes anéd in egeneral
we need more power for agitation with a brine cooler than
with coils, even if the brine frietion through the coils
is much in execess than through the tubes of the brine
cooler. Good brine circulstion has to be used with brine
cooler, because the more dense (the cooler) brine is at
the bottom of the tank and no comfection currents will be
set up within the brine,as is the case with the ccoling
coils where the colder brine is at the top. Also, the
driving apparatus for propeller must be very reliable in
case of the plant equipped with brine coolers, as any in-
terruption will freeze the brine in the cocler and thus
prevent any heat transfer from NHs to gas. The brine
used for a brine cooler must be a Caleium Chloride brine}
as the Sodium Chloride hrine will freeze or at least will
precipitate so much of its contents as to plue the brirne

cooler.

- 13 -
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The freezing tank for a plant working on the
plate eystem will te different in design 28 that used

for the can system. This tank is more elaborate in

'construction, hes to be of a larger size to have the

same refrigerating capacity of the tank for the can sys-
tem, due to the faect that it takes from six to seven
days to freeze plate ice instead of two days for the ecan
ice. Other tanks of special design are those used in
commection with the different raw water systems (as the
stationary can system built by the Arctie-Pownal Co.) or
for the double freeze ice can system to insure rspid
congelation of water in cans, The harvesting apparatus
used in can iee plants consist of cranes to 1ift the cans

and carry them to the dumping device; the thawing and

dumping device and the can fillers. The hoists or cranes

used for lifting tke cans may be operated by means of
compressed air or electricity. Lately, the eleoctric
cranes are being used extensively to 1ift two, three or
more cans at one time., The thawing and dumping device

is all tn one apperatus; es the dump ie tipped over, the

water connections open, the ice is thawed out of the cans

end goes to the a%t&-room by chutes., When the dump is

"back to ite original position, the water conneections are

closed, The cans may now be filled by opening a valve

- 14 -
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which brines the water from a reservoir or else the

cans may be put back into place and filled with the au-

Views of Can Filling Apparatus at Dump

Fig. b .
tomatic can filler. ‘'he first method (See Fie, #5) is

found more efficient and more clean, as the can filler is
usuaily left on the tank covers and becomes contaminated
with dust and bacteria.

¥or the plate ice plant the harvesting apparatus
includes the crane, the thawing for the 1ifting bars, and
the "tipping plate" where the plate ice is cut in small
blocks of 200 # by means of electric driven disk saws run-
ning lengthwise and crosswise of the plate ice. Ice
storage facilities are always provided with the modern ice

plant. the reason for its use is the seasonsl demand for
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ice which makes necessary the use of a large reseivoir
if the machine is to run all year around with a high

load factor. T he capacity of the storage must be cal-
culated from the demand curve which gives us the total
ice consumption for the year; from this value we should

get the aversge amount that must be produced daily or

monthly for such consumption (See Diagram).

from such demand diagram the amount of ice that need to
be kept in storage can be calculated anéd then the size of
the storage room will be found by allowing from 50 tb 556
cu. ft. per ton of ice stored.

‘he storage house may be tuilt of concrete or
brick with cork lining or sir spaces to minimize heat legk-
age. After the srea of the house has been found the hest

leaking through walls, roof, floor =nd édoors may be cal-

- 186 =



culated and the refrigeration necessary in the storage
house figured. The temperature in the ice storage room
must be from 22° to 28° F.

5, - Methods of Ice Making.

The usual classification of the methods of ice
menufacture arei~ the Can System and the Plate System.
In the can system distilled or raw water may be used, while
in the plate system raw water is always used and is count-
ed among the advantages of this system. Other advanigges
of the plate system sre the low cost of manufascture. But
1ts disadvantages are numerous:- (1) the first cost of
the plant is larger than with the Can System; (2) greater
tank area than that used in the Can System is needed for
the same amount of reffigeration, due to the low rate of
freezing; (3) loss due to treakage very large; (4) ice of
very irregular thickness ; (5) ice blocks not regular in
shape, which makes difficult its storage. |
On the other hend, if a Can System is operated
to work on raw water as the plate system does, the number
of machines and the number of laborers will be far greater
than those workine in a plant with the Plate bystem§ also
the revair and mainterarnce ckarges are greater, vhich ac-
counts for the high coSt of manufacture. in the Can sys-

tem the water is frozen in metal cans which are put inside

- 17 -



of the freezins tank; these cans are surrounfed by cir-
culatine btrine which eventually freezes the water in the
cans at a rate depending on the brine temperature and
size of the can. Cans are made of seversl si zes, but
the one most commonly used is that giving ice blocks of

300 pounds.

Figes 6

A typical illustration of the freezing tank for
the can system may be seen in Fige. 6. The brine is
co0led by means of the céoling coils or brine cooler. In
the first case the NHQ brought to the uvrper coils throurh
a header is expanded ;hrougrh throttle valves connecting
the header with the coils; when the gas has been expanded
in the coils it is taken away to the compressor through
the exhsust header connecting the lower end of the coils.
If the IiIH3 gas reaches the compressor wet, the coils are
said to be working under "wet gas expansion™ and if the

gas reaches the compressor dry or superheated then we say

- 18 -
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that the coils are working under "dry gas expansion."”
Much discussion hes arisen whe ther the "wet" or ™ary"
expansion will give better results, In the case of

the "wet" expansion, the heat transfer from bdrine to
coils is better than in the ease of "dry" expansion,but
the amount of refrigeration is also 1less. Lately the
advantages of "dry" compression have been well under-
8tood especially when the coils or brine cooler are work-
ing "flooded" with NHS' The flooded system was devised
» to have liguid NHa in the cooling coils in order that

the heat transfer from brine to coils mirht be greater.
In the flooded system the IHz from the receiver poes to
an accumulator whic h serves as & geparator so that no
liguid HHS might be carried to the compressor and also
serves to precool the liguid smmonia in the case of the
"eravity flooded system" or as a regulator of ammonia
supply to coils in the case of the"combination flooded
system." In the "gravity system: the EE3 is precooled
and expanded inside the accumulator; this expansion cools
the ligadd NHS which flows by gravity from the accumu-
lator to the colls entering at the lower part of the coils;
the NHS vapors are taken away at the upper part of the coils
and carried to the accumulator where they leave any en-
trained liguid; from the accumulator the HH3 gases go to

the forecooler and then to the suction of the compressor. In

the "combination" system the liguid Nﬁz from the receiver

- 19 =



is fed to the liquid header [connecting to the lower

part of the coils) by means of é feed valve; the gases
formed are taken to the accumulator where they are dried
and the liguid in the accumulator is fed to the liguid
line by gravity through a check valve. The "flooded"
gsystem has many asdvantages over the direct expansion
syetem; less coil pipe (about 30%) needed to produce the
same smount of refrigeration than with the direet expan-~
gion system; better heat transfer secured; less number
matié, thus insurine more even temverature throurshout
freezing tank; this eystem specially good when there is
'need of irregular supply of refrigeration, &s in the Plate
Sye tem. The disadvantares are that we need more HHS
for the floocded cystem (about twice as much) thus the cost
of loging the charge from some accident mwould also be
greater aﬁdkthe.agitation in the flooded system must be
greater than in-the direct expansion system,

.. In the coilless systen, the HHZ ¢o0ols the brine

"in a device eimilar to &
tubular boiler (See Fig.7)
thus eliminating the necessi-
ty of the cooling coils.

SINGLEPASS BRINE COOLER

Tig, 7 B "The brine is circulated

throush the tubes of the brine cooler and then throughout

- 20 =



the tank by means of the agitators. In reality this
coilless system is an improved flooded system where the
EHZ rpases are removed ag8 fast a8 they are formed in the
brine cooler. These gases may te taken directly to
the forecooler and then to the cuction of the compressor,
or best, g separator should be instalied tetween the
brine cooler and the forecooler to be sure that no 1li-
quid NH3 will reach the compressor. Calcium Chloride
brine must always be used in connection with the coil-
less systemfto insure against brine freezing in the cool-
er and also the agitation should be large and relisgble
to have even temverature throughout the freezing tank.

Th% Plate System was devised in order to use
raw water, assthe cost of distilling water 1ﬁ?§vap0rator
viag very larre or else the plant was very inefficient if
the exhaust steam from the ensine was used to make ice. In
the nlate system ice is formed on the surface of steel
rlates; between two nlates are found the coils for the g
expansion which cool the brine surroundine them; these
platesvrun all the way across the width of the freezing
tank., hThese vrlates are surrounded by raw water which freez-
es to,/;ni’féce of the plstes. When the ice is of sufficient
fhicknsss, say 7 or 8 inches, the NH5 is turned out and the
ice 1s allowed to season for two or three hours, ‘he warm
NH or steam is turned on to the plates and the ice is

3
thawed in this way. Then the plate ice is lifted out by



means of crames pulling on the lifting bars which are
thawed off and then the ice cut on the tipping table.
The 1ifting bars are then put back in position, the
water allowed to enter the freezing tank and the NHS
is turned into the expanding coils again,

The tank is costly in construction, specislly
due 1:3 its large size; the ice is frozen from one sure
face only instead of four as in the e¢an system, which fact
accounts for the long time necessary to freeze ice in
the plate system. In order to do away with the "tipping
table” which is one of the disadvantages of the plate sys-~
tem, some other methods have been devised to cut the ice.
The Hill-Ray system consists in cutting the ice when it
is adhered to the freezing plate by means of steeam cutters
welded to the plate 1itsmelf, Also, the Dblock may be out
ag before with a steam cutter (which is not welded to the
plate) handled by the operator. When the blocks have been
cut the ice is raised by means of mechsnical or pneumstie
hoists. To increase the rate of freezing, the "center
freeze"” method has been devised, where the water surrounds
the pipe for NHZ expansion, there being no vlate. The
rate of freezing increases very much, but this system has
the disadvantage that the ice hag holes inside the blocks
which increase the raz;idity 0f melting and also give a poor
appearance; thus the ice bescomes of little demand by the
consumers ané therefore not merchantable. Also the diffi-

culty of storage is lgrge, due to the round surface pre-

- 22 -



serted by the ice.

On the whole, we may say that with the great
success of the raw water can system, the best advantage
of the vlate system (that of using raw water) is very
muc h impaired ané the nlate system is not used very
much now and_perhaps in the very near future this system

0f ice manufecture will become ohsolete.

- 23



PART 11

WATER ¥OR ICE MAXING

There are two distinet processes of ice-making, -
the dietilled water ard the raw water processes. ihe for-
mer of these two is now practically extinguished by the
latter's competition.

1, The Distilled Water Process.

This process is used at present only in those lo-
calities where the raw water has too meny impurities, or-
ganic or mineral. Its principle consists in freezing
the exhaust steam thet comes from the engines. Hence, in
distilled water pvlants steam economy is not being sousght.

The more exhaust steam obtained the greater the capacity
of the plant, Sometimes even live steam has to be sent
into the condensers to obtain a certain capacity.

4 distilled water plant is necessarily en’efficient
plant. The exhaust steam passes through a grease serarator,
where it is cleaned of 0il and pgrease. From the separator it
goes to the condenser which is usually of the Atmospheric
Steam Condenser type. It consists of a number of flat coils
of pipe known as the stands thrugh the interior of which

the exhaust steam is msde to pass, while the cooling water

- 24 -



trickles down the outside. After 1t passes through the
condenser, the condensed steam goes to the Reboiler and
Skimmer shown in Fig., 1, where the

‘condensed steam is further purified
and cleaned. This now goes to the
hot water tank

show ir Fig, 2,

where it is cooled

Fig, 1 T down somewhat be-

.Beboiler_. /

fore it roes to

the Condensed Water Coolers which u-
sually are of the atmospheric type or N Hotth;SMNWeTmm.
of the double-pipe type systems. Their ¥ig, 2
construction is similer to the Steam Condenser., If +the
product that comes from this Water Cooler has bad odor or
bad taste, it is made to pess through a deodorizer, which
is really a charcoal filter in which the last remaining im-
purities are left behind, and all odor ani bad taste re-

moved, This deodorizer is seldom necessary. The puri-
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De La Vergne Forecooler.

Fig. 3
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fied water goes next to the forecooler, shown in Fig. 3,
where its tempersture is reduced to about 33° F before
it is sent to the cans, As shown by insvection of the
illustration, both the smmonia and the weter enter their
respective flat vertical coils of horizontal pipee at
the bottom, and are caused to oirculate upwards. The
upper c¢oil is a8 direct expansion ammonia e¢cil into which
ammonia is expanrnded as usual, A small circulating pump
serves to provide a shower of water which is continuously
sprayed over both coils, dropping down from pipe to pipe,
first over the ammonia coil and then over the distilled
water coil until it is deposited in & pan below. The
over-flowing water is first cooled down by the smmonia coil
and it in turn reducee the temperature of the distilled
water in the lower coil. Thus the counter current or count-
er-flow of heat principle is used here. Forecooling the
water is important, as 1t increases the capsaeity and the
economy of the plant. From the forecooler the water goes
to the ice cans which are made of six standard sizes - 50,
100, 150, 200, 300 and 400 1bs.

The system described above is baséd on the princi-
rle of using exhaust steam for final freezine.  ‘there is
another distilled water system which is mueh better and that

i1s the evsporator system. This system enables one to use

the distilled water process and at the same time incresse



/

the efficiency of the engines. The exhaust steam from
the engines po to evaporators which consist of tanks
through which coils carrying the exhaust steam pass, heat-
ing end evaporating the water in the tanks which is then
condensed and purified as described previously and used

in ice-magking. T"he addition of evaporators increases

the efficiency of the plent armd ite capacity.

Und oubtedly with such a vure water very clear
cakes of ice are obtained, but the distilled water plant
cannot compete where raw water plants can be operated,as
the latter are much more efficient and can produce more
ice at a eheaperlcost.

This system is practically obsolete at present and
nearly all plants which were meking distilled water ice are
now being changed to the Raw Water System, to erable them

to compete with theilr modern rivels,

2.~ Raw Water Process.

This is the most economical process for mamfactur-
ing ice. It was primarily introduced on sccount of the
high cost of fuel and lsbor which was so extensively used
in distilled water plants. In this system, o0il engines,
gas enfines, electric motors, unaflow steam engines can be
used a8 prime movers, whichever results most economically
in the particular loeality where the plant is going to be lo-

cated,
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a) Effects on the Quality of the Ice of Carbon-

ateg, Sulphates, and of other Impurities =md thelr treatment,

One of the difficult problems in the raw water
gystem is to get rid of carbonates and sulphates that may
be present in the water. If the water is very hard it
must be treated chemically. Calcium Carbonates usually
form a gritty, dirty colored deposit in the ice usually in
the lower part and center of the cakes.” 1t causes shatter-

ing at low freezing temperstures. When such water is

treated with hydrated lime the impurities are eliminated.

Magnesium carbonate behaves in the same way and is elimin-
ated similarly. 7

the sulphates and chlorides give & more difficult
problem of elimination. iagnesium sulphate and magnesium
chloride form opagque gfeenish or grayish colored cakes,
concentrated mostly in the cores ani retard freezing; ‘these
are corrosive minerals. They &lso cause dirty colored
streaks in white ice. When magnesium sulphate is trested
with hydrated lime it changes to caleium sulphate, Mag-
nesium chloride changes to caleium chloride and there is
little purification. |

Sodium Carbonate and Sodium Sulphate are the worst
impurities to get rid of, Sodium carbonate when present,
even 1n small guwntities, caunses shattering at freezing tem-
peratures below 15° ¥, and white ice is the result, It
concentrates in the cores and retards freezing, but does not

form devosit, The purification of the mater containing
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these oarbonates improves little when treated with hydrated
lime, Water conteining much of these carbomates is un~
suiteble for ice-making. Distillation is the only way to
remove sodium salte, This chemical treatment of very hard
waters is necessary before they go to the cans. When the
water reaches the can, during the period of freezing, it is
agitated meéhanically by air pressurs. |

b) Purification of the Water.

ihe important step which leads toward getting

good, clear ice is the purification of the water if it is
possible to do so. {f the sum of the sulphates, chlorides
and nitrstes plus the sodium carbonzte does not exceed 20
grains per gallon, the water can be purified. If this sum
15 greater than 40 grains, the water cemot be used satis-
factorily. Up to 12 grains per gallon of these mineral
impurities the loi’pzessure drop pipe system of air agita-
tion may be used, If the air for agitation is admitted
at the very bottom of the can, the sum of these minerals can
be up to 20 greins per gallon.

If the iron oxide smounts to 0,02 grains per U.S.
gallon, its removal by purification shounld be done. A
very small gquantity of 1yon present is sufficient to badly
color other minerals that may be present, and this discolor-
ation is magnified by the ice itself.

¢) Core Pumping.

If the wmter is good, ice can be made without any



chemical treatment if cores of sufficient size are pumped
at the right time. In some cases two or three cores
must be pumped.

If the water is hard and can be purified, good
ice can be produced and only one small core removal will
be necessary. Usua lly the cores do not need to be re-
moved with the average water, Treating always saves core
pumping and reduces the labor on the can floor.

When a can of water starts to freeze at first
the outside generally will freeze free of impurities which
are being kept agitated by the air. The impurities start
to collect in the unfrozen water that finslly becomes the
core, Ag the eske continues to freeze, this matter con-
centrates more and more., Finally it begins to freeze
into the ice causing deposit, discoloration and other troub-
le, unless the core water is pumped promptly.

Thus if water is treated chemiczlly and these im-
vurities are removed orxr reduced, the hesvy concentration of
these impurities will not be so early in the block. A strong
concentration of the minerals will not be reached until but
8 small core remains unfrozen, which is pumped out promptly.
The saving in core pumping by using treated water increases
the capacity of the plant from 4 % to 10 .

d) Softeners snd Filters.

An "International™ hot-flow softener in which the

chemicals are fed proportional to the flow of water into the
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softener is shown in ¥ig, 4. The chemical solution is

diluted in *he upper U-chaped recevtacle, and then is

Fig: B—International Water Softeners—Type J
—Showing Automatic Control and Interior of
Sedimentation Tank.

Fig, 4



pumped into the hot-flow softener near the top where it
mixes with the water to be softened.

Pigure 4 shows plainly the operation of the
softener. Raw water enters at (A) passing through the
control float chamber (H) discharging throush sn ori-
fice at the deflecting elbow (G). Here it meets the
stream of measured chemical (C) from the chemical feed
pipe (D). The water and chemicals are thoroughly mixed
by the rotary motion which is imparted to the water in
the reaction chamber (E). The objectionable dissolved
mineral matter 1is precipitated by the action of the chem-
icals and settles in the bottom of the tenk as the water
slowly rises. The softened water rasses through (F) |
to the filter which removes the last traces of suspended
matter and eolloidal hardness.

Water 1s extensively purified-by means of fil-
ters. A common type of filter used is the "Internstional
Disk Filter."™ The filter medium consists of compressed
cotton fibre which is inexpensive; this fidbre is discard-
ed whe;é clogged and replaced with new one, It is used
in filtering comparatively clean waters. For very muddy
waters, a combination of the Sand Filter and the Disk
Filter should be used. This sand filter is constructed
andbperates'on the same principle as the larger filter

plants used for municipal water sﬁpplies. It removes the



heaviest suspended‘matter and prevents frequent clogging
of the Disk filter. There is no possibility of the fil-
tered and unfiltered water mixing or goihg around the
disks, as the latter extend to the very edge of the filter
shells, which tightly hold the disks in between, thus form-
ing their own gaskets, The cross-section shown in Fig, 5

J N

Cross-section of the International Disk Filter
showing Upward Filtration

Fig, 5

c—

shows clearly the passage of water upwards preventing eny
undue clogging., this disk can be operated under @essures
up to fifty pounds, A pressure regulstor and water re-
lief valve should bhe put in the pipe line to the :Eilfers.

Filters are also made to operate under greater pressure.



Perfect filtration denends upon the slow and uniform pass-
age of water throuwrh the sand bed, 4 rressure filter

ghould bave o copeacity of about 3 gallons per minute per

square foot of fi 8ras,. Fig, 6 shows & pressure fil-

ter.
Sand beds should he
wasned under & preassure

FILTER of 16 pounds =md the rat

SAND

of flow of the waching
water should be =zbout 8
gallons per minute ver sq.
ft., of filter srea., Cool-
ing the water in the fore-
coolers after 1t leaves

o the filters and before go-
Fig. W —International Sand Filter. a
Part  of  Every International Water

Softener, . ing to the cars is very im-
Fig, & -
POI t'aﬁt &1"5 ;Ilf‘??u 8a Jmigw;y’g

Aritation,

L now the water is frozen in the can without sri-

tation, 1t will te opague largsly due t0 the nreserce of
e 8,

air in the forn of smell bubbles thwugshout the cake,

By agitating the water dvring freczing

2ir bubbles are made to rise to the atmosphere and not cling

to the swface oFf the ics,
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1. ‘“he Low Pressure Air system.
2, The High Pressure Alr system.
3. The fixed or Stationary Cell system,

In the low and hich pressure systems there are
numerous methods and details of intrcducing the air in the
can,

The low pressure has a low initial cost, but the
labor cost is greater. The system is simple to install
and operate and is the most economical in power..

Sometimes thick cores are obtained due to re-
moving drop pipe too soon, but this can be remedied with-
out materielly increasing the cost of production. If the
water is hard it should be treated chemically to use with
this system. |

The high pressure and the cell system claim to
produce better ice and & saving in labor, but the initial
cost of equlipment is greater and réquires more power for

its operation.

Kater Outles
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Fig. B:‘} Typical Arrangement De La Vergne Indico Aerating System.
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¥ig, 7 showe 2 typical arrengement of a De La
Vergne Indico Aerating system which is essentially & high
presgure system. The air compressor should operate at a
discharge pressure of 15 to 30 pounds per square inch,
and can be of any type to suit local requirements, Fol-
lowing this sketch will give a clear, concise idea of the
system. The temperature of the water in the dehydrater
is maintained close to 32° F and the air passing up through
this water is cooled, washed and dried before it leaves
the apnaratus, This is & combhined dehydrator, air washer
and cooler, is practically automatic in its overation and
needs little sttention once it is regulated.

The drop tubes are thawed out in but a few sec-
onds while the cans are in the thawing tank, by inserting |
a thawing needle of very small dismeter imside of the tube
until it reaches the bottom. By thet time the tube may
be easily withdrawn with the thawing needle.

The importance of the drop tube location wes
described in precedingipages. The double drop pipe and
the multiple drop pipe systems are now coming into use.

Another very important amd guite different method
of air agitetion in the cans is the Pownell System as man-
ufactured by the Arctic Co. In this system there is no
drop pive into the cans. The latter have the wéter and air
inlet at the bottom of the cang which are fixed in position.
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Moderste air pressures are used and the agitation may be
continued until the end of freezing as there are no pipes
to be removed. The air snd water commections are so arQ
ranged that ome valve will eontrol the filling of a bat-
tery of cans, another valve will control the emptying of
the core water, and & third valve regulates the air for the
whole battery. Practically all operations here are me-~
chenical, The freezing process, treatment after freezing,
refilling snd the construction of the Pownell-Aretic Tank
are new features in lce-meking. A single man can harvest
an entire compartment of 66 cens in s compartment in about
1 1/2 hours. ‘This system is arranged so that one com-
partment is hervested every three hours during the day aﬁd
night, saving an enormous amount of work and labor.
Another important system of air agitation is the
York high-pressure system. Here,in orxrder to avoid freez-
ing uwp the sir tube, when the filler: is opened before the
air is turned on, the combimtion air sand water hose econ-
nection is employed, the air tube being inside the water
hose and comnected throuch the ean filler head to the air:
hose. The pipe is soldered in position, in a crimp in
the side of the tank, avoiding damage to the pipe. Also,
ag the tube is flat it will not burst if frozen up. There

are also other systems in use of the low and high pressure



1like the Triumph, Friek, Jewel which are used, but more
or less they work like the ones descrited above and on

the same prineirple.

General Comparison between the

Distilled Vigater Process and Raw Water Process.

When the water availsble is lieble to contain
dangerous disease, germe or other impurities which mske
it difficult to produce a clear grade of raw water ice, the
distilled water will prove an advantage. If there is a
steam plant already installed and the lsbor of looking
after a raw water system is thought undesirable, the dis-
tilled water has the zdvantage. in hoépitals, appart-
ment houses, ete., where the ice produect is in very small
blocks, the distillec water plant will answer the require-
ments. But at present, with the svparatus a raw water
system has for purifying water, the distilled water plants
would be at a disadvantage unless fuel axd 1lshor are chesp
ané the water so bad that merchsntable ice is impossible
to make by the raw water process.

Haw w;ter plants allow the use of more economiesl
prime movers and this materially affects the cost of man-
ufacture. Kaw water ice hss a natural taste and can be man-
ufactured just as elear and of as good cuality as distilled

water ice, though its sappearance may not be as good.



PART IIT

LATEST DEVELOPMFENTS IN ICEZ PLANTS

In recent years great improvements have been
made in meking the ice plant an efficient one.With the
suc cessful commereial application of the raw water can
gystem, the good results of treating water chemically
and the great efficiency of prime movers, we may say that
almost in any locality the modern ice plant may be de-
signed to give & high plant efficiency as compared with
the 01d distilled water plents, The problem of re-
modeling 01d ice plants is more.difficult, but is one
that has to be solved for each plant individually in order
that these plants may compete with the ice plants of mod-
ern design.

l. - The Modern ice Plant.

In the cesign of & modern ice plant the most im-
portent questions to decide are:- the method of refriger-
ation to be used, either the absorption or the compression
system, and the prime movers, which msy be those working
on steam, 0il, gas or electricity. Assuming that the
ﬁlant is to work on the raw water can ice system, as it is
very improbable that any modern »lant would work on dis-

tilled water or with the plate system, then w would have



to decide algo which method of air agitation will be best
suited for the locelity in question. fie have stated a-
bove that it will be very improbable thet a plant of mod-
ern design will make ice from distilled water, as this
plant will only be able to compete with the raw water can
system in localities when fuel is exceptionslly cheap and
where water is exceedingly hard, Even under those con-
ditions, with the improved methods of water treatment, it
is improbatle whether the distilled water plant will %Ye
able to face competition with a rew water can ice system.
To be able to decide the best method of refrig-
eretion to use, we have to know the amourt and tempera-
ture of cooling water zvailable, the temperature level
or levels at which refrigeration will hawe to be supplied,
the difference in cost from rrodueine low pressure or
high pressure steam and the kind of labor which will be
hired, 1f s large amount of cooling water at low tempera-
ture is available, if the refrigeration is to be supplied
at a low temperature ani at different levels (of tempera-~
ture), if skilled labor is found and lerge smounts of
low pressure;j:;y be produwed at a low cost, then the ab-
gsorption system should be used, as it will give better re-
sults, In this case ammonia shall be the refrigerant as
any other substance would make the spparatus exceedingly

large. Perhaps the most important item under considera-



tion is the cooling water availeble and if thf; temp era ture
of this water is high, as for tropical climstes, we will
surely odopt the ecompression system of -re"’rigeration.
When we have decideé to we the compression
system, the next question to decide would be what re-
frigerant to use. ¥For tropical climates the Coz com-
pressor will be discarded, as it is improbable that during
sumner time, wlen the plant should be working at its
highest capacity, the Coz will be liquefied in the con-

densers. if the CO, is not liguefied then the refriger-~

2
ation produced will be mah eémeller; so we shall have to
decide on m‘is or 802 as the refrigerant. vur deecisgion
will be based on the ease of acquiring the refrigerant

and on its cost; also if the land for the plant is high

in cost, we shall decide on the ammonis compressors as they
take much less room than the :502 compressors, Where space
is of prime importance, es in the case of ships,6 then the
002 plant will show the greatest advantages,

Yo decide about the best prime movers to use in
the ice plant the question will be of an economic character,
and fhe final decision will be in fawor of that prime mover
whieh will give the amount of vpower neéessary for the lesst
overall cost, that is, investxpents, first cost, operation,
taxes, lgbor and repairs. the elsctric drive hes many

advantages and should be used when current is supplied at a
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low cost, as is the case in regions where water power
developments exist, 10 the central station, the ice
plant is ar ideal consumer, as the marmufacture of ice

is 2 eontinuous process, all throuchout the year, at 24
hovrs a day. This accounts for the low cost at which

the current is so0ld to ice nlants, but we must be sure
that the central station will be =zhle to swrly continu-
ous energy even in the case of breakdowns. The current
rates are usuzlly based on the highest demand for a pe-
riod of 156 minutes, and this rate will apply for a cer-
tain small period of time, usually a week, It is there-
fore, the work of the engineer in charge of the ice plant,
to have the conmsumption of current for a week's period

as near to the highest demand as vossible; in other'words,
he should try to maintain as high a load factor as possi-
hle. Another reason for the adoption of the electrié
drive is that the cost of producing ice is less than the
cogt of distridution; this being the case, our ice plant
ghould be located as centrally as is found permissible and
this means a very high cost of land, Now the electric
drive will pive the highest capacity per square foot of land
and also we shall avoid the troubles of smoke present in
the steam plant or the repulatlons for oil reservoirs in
the case of an o0il burning plant. Other advantages of the

electric drive are the low cost of lstor, depreciation,
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meintenance and repairs. It must be understood that the
plent in gencral must be very elsstic in its capacity or
have a lsrge ice storage in orxder to maintain a high load
factor by varying the speeds of the motows and compressors
to meet the weekly conditions of demand.

If current is not available at a low cost (not
more than 1 1/2 cents per Z.7,H.) then we must choose Le-
sween the oil, gas or steam drive. In case the oil is
cheap compared with the value of coal and sure supply may
be had with good conditions for its storage the o0il plant
will prove very economic, It is true that the plant hss
a very high first cost, but the maintenance charges are
very small, as a good o0il engine will burn from 0.4 to 0.5
pounds per 1.H.P. hour. There must'always be at least
one idle engine so that the whole o0il plant shall not be
working contimously for 24 hours any long period of time.
This ssems to be the only diéadvantage of the oil plant,
that up to the present time it is not relisble for contin-
uvous overation during long periods of time, say two or three
months., ,When the first cost of the o0il plant is excessive,
while the diffefence in price between 0il and coal is not
great, then we must choose between the gas or the steam plant,
both of them usine coal as their fuel. Very good per-
formances have been obtsined lstely with the producer gas

plant in comnection with ice making, as hirh as 22 to 25
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tons of ice per ton of eoal having been obtained when high
class coal is availsble, The space occupied by this
rlant is less than that required for the steem plant, tho'
much larger than for the oil or electric plent. The
firsf cost of the plant is also larger than that of a steam
plant, but the overating expenses are smaller.  Though the
gas engine is more relisble than the 0il engine, still it
requires more time for repairs and cleaning than stesm en-
gines =znd is not as relisble as the 1t ter for 1on§:;‘§ﬁ%f£u-
ous service. The steam plant of modern design with =11 the
new aux ili aries devised in later years, is without doubt
the most relisble for continuvous operstion throuéb. long pe-
riods of time and is therefore still used profusely in con-
nection with ice plants. The very high verformamnce of the
unaflow engine (as high as 12 1bs. of steam per I.H.P. hour)
hes accounted for its general use in ice plants. This en-
gine also provides for a wide range of.cap\acity of the plant,
as its efficiency at part load is very nearly the same ss
that sccomplished at full load. This engine is essentizlly
a high Bpeed engine, therefore we should, as well as with the
0il, gas or electric motor, need high speed armonis com-
pressors., When ammonia compressors of the slow speed type
are used, then the conection with these high speed primé
movers can be made by means of belting,

The question of the method of air agitstion to use

in the ice plant will devend entirely on the water =available



for ice making. In case the water is of good quality
with little impurities and small amounts of dissolved or
sugspended chemicals in it, then & low pressure system
could be used adventageously, but the water should be pre-
viously filtered. When very hard water 1s found then it
should be treated chemically before it is sent to the fore-
~ eooler. This chemical treatment should remove most of
the éﬁ%éj in water, specially those eausing temporary
hardness which cause the whitening of the ice; chemicazls
producing permanent hardness have been proven mot to af-
fect very much the guslity of the ice produced. In case
of hard waters, it is better to uss the high pressure
system of air agitation. Other important questions in
this connection are that of labor and first cost of the

sys tem, "he high pressure system is more expensive in
first cost, maintenance and revair charges as there are

2 greater number of g pparatus used, but the labor employed
in freezing tank is nearly half as much as that employed
with the low pressure system; on the other hand, the low
pressure system is less expensive in maintenance and first
cost, Due to the seasonal demend for ice a careful
study must be made of curves of ice demand to Dbe able to
decide in vwhich way shsll the plant be designed to mzintain
the highest possidle load factor throughout the ysear. If_
the plant were designmed to give a capacity based on the de-~
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mand for summer time, then we shall have our plant working
on psrt load during spring and autumn while per haps more
then helf of the machinery in the plant will be idle duwr-~

ing the winter season. This means that the capitsel in-

vested on the plant will be idle for a long time, thus the f/xed

charges will be very great. The best way to solve this
difficulty is to have an ice storage of such capacity that
the excess ice produced in the low-demend season will be
gtored for use during the summsr season. In this way the
piant shall work contimuously during the year,(except for
the time devoted to overhauling) the ice storape serving
the purpose of a regulator of the output while the produc-
tion is constant, For this resson, all new plents should
have an ice storage to take care of the unequal demand for
ice through the jear.
2., - Modernizing the 014 Distilled ¥ater Plant.

The question of modernizing an 0ld plant is much
more difficult to answer than that of designing 2 new plant.
In this matter, the last decision will be based on finan-
cial and economic problems, as they are the ones most im-
portant in this case, Another important point to have in
view is that we may safely say that up to the present time
no raw water can system kives as clear ice as that made with
distilled water, and most of the ice manufacturers had given

g great desl of advertising to the"clearness and trans-
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parencj" of the ice. In case the plant were to be

chenged to a raw water system, 21l this advertising

should be discarded and propagenda should be made to the
effect of impressing upon the consimers the fact that

the purity and healthful qualities of ice are not to

be measured in terms of its trarsparency ami also that

all ice when in the process of freezing eliminates all

the impurities that may previously have been found in the
water. If this precaution is not teken the new raw

water ice may not be as merchantable as the first. It
must als o be impressed here that the problem of remodel-
ing ice plamts is one that has to be solved individually
for each plant and no general rules can be laid down, Never-
theless, a good method to be able to jJundge which will be

the best way of changing 01d ice plaents into new ones is

to make a detailed study of the conditions in the locality,
as temperature of cooling water and amount available, gual-
ity of water to be used for the making of ice, lagbor coste
amd other points. | From these data we must design the com-
vlete raw water ice plant which will suit best the condi-
fions found and then caleulate the cost of the ton of ice

as delivered to the consumer. Then make a detailed list
of all the available machinery in the old plant that may

be of future use and calculate the cost of the new machinery

needed, together with the cost of installation; thern com-



pute the cost of ice with the plent as remodeled and
compare this coset with that found for an entirely new
plant in the same locallity; this comparison will give
an idea of what to do with the o0ld plant, whether it is
better to sell it out for any price znd instell an en-
tirely new plant, or whether it 1s poscible to remodel
the 0l1ld plant and st111 meke of it a paying investment,
If the 0ld plant had non-condensing steam engines with
glow speed single-acting smmonis compressors, the exhaust
steam beins used for ice making, it will probably pay to
discsrd a1l this machinery, sell it at any price and in-
stall new high speed compressors with an efficient type
of prime mover. 1f the plant were workine with good
vrime movers and relatively new compressors us ing evap-
oretors for distilling water, then the best thing will be
to send back the condensste to the boiler and use that
raw water system as will suit better the qw lity of water
to be used.

Great improvements can be made in the old dis-~
tilled water plant; in the freezing tank, by instslling a
"flooded Bsystem" instead of the 0ld d irect expension s&s-
tem; by improvine the method of agitation and by going over
the freezing tank insulstion. 8pecielly in the o0ld plants,
very little attention was pe&id to the quéstion of insula-
tion and this is one of vital importance as far as freez-
ing tank, storage houge and low pressure NHS pipes =re con-

cerned. The methods of harvesting ean be greatly improved
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by the use of large capacity electric hoists to handle
three or more casns at = tims;_by filling the cans at
the dump or while traveling back to their former posi-
tion instead of using the automatic can filler; these
two simple items msy sometimes cut down the labor force
in the freezing tank to one~-half of the numbter pre-
viously employed. The cooling water system im ice plants
is of course one of great importance, In the o0ld plant
the cooling water from the cooling tower or river was
sent to a tank in the roof of the building and sent over
by gravity to the condensers and water coolers; sometimes
mo re than one or two pumps were used and the water cir-
culated more than necessary, incurring in losses of hesad
and thus increasing the nower tsken up by the auxiliaries.
The cooling water system should be centralized and water
cooling zpparatus should not be laid down st sany long
distance from the water swoply; that is, fhis system should
be as compact as possible and also as near to the floor
level as ean be designed, in order that the circulating
pump necessary should be a8 small as possible; use in this
conneetion & high-efficiency pump (of the centrifugsal
type) coupled to an electric motor.

the compressor room then should be investigated;
try always to use, if possible, high speed double-acting

or compound compressors coupled to electric motors or high



speed engines, The compound compressor has been very
recently introduced and is used extensively in connec-
tion with electric prime movers as they permit of great
varistion in capacity with 1little change in efficiency.
A great many of the 0ld plants were designed to give

the cspacity desired at the maximum demand pesk, With
the result that during the winter secason the plant works
at é smell-part capacity. 1In order to Balance the
plant, & study should be made of the advisability of e~
recting & storagé house for ice with a reduction of the
plent's capacity. In this way a great deal of ssaving
esn be rezlized, if the surplus machinery were to be
s0ld at a great loss, then investigation should be made
to the effect of enlarging the scope of the plant by
erecting storage houses for fish, eggs, meats or by sup-
plying refrigeration to nearby places for other uses,
svecially for air conditioning, In this way, for nearly
the same expense in running the vlant, the sales can be
increased largely. '

Again it must be pointed out thet this problem
of mo dernizihé; 0ld ice plants is one to be solved not only
from an engineering point of view, but specially fram the
mone tary standpoint, The engineer should discuss at

length his plans with the manager or with those responsible



for the finsncial snd economiec activities of the plant
§ ané from this discussion the engineer should be able
to devise those methods which produce, in the long run,

the best results from the business point of view.
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