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INTRODUCTION

Holding apples and pears in cold storage in
producing areaa rather than at market ter-
‘minals or at points in transit has become a com-
mon practice. In the Pacific Northwest this
change hae been more or less coincident with
the decline of speculative buying of the fruit
by eastern interests and with the growth of
cooperative marketing enterprises owned and
controlled by the growers. As a result, the
available cold-storage space in the fruit-grow-
ing districts in Washington and Oregon has
been materially increaed,? but even yet it is
inadequate for the needs of the industry. Many
of the existing cold-storage plants are in-
adequately equipped to handle satisfactorily the
tonnage stored. Year by year existing plants
are remodeled and expanded and new plante
are built to provide additional refrigerated

atmoaphere storages has
greatly in the last 4 or 6 years. Some of the
storages are well designed and carefully and
eficiently operated.

The purpose of this publication is to present
in concie language, as nontechnically as possi-
ble, the essential features in the design and
operation of cold-storage plants and in the
handling of the stored fruit in the Pac
Northwest, although the same principles wm

The previous publication, Cold Storage of Apples
and Pears, published February 1940, was written by W.
ek ama Biwin Smih, ot of vhorn have e,
el grom etrigorated warchous mpace n Wash-
ton and Oregon ncrossed from 100 millon cu. 21, in
106 o B miion ou T n 1067 o (Ariitara
Statistics 1909 and 1052.)

be found equally uzeful in other parts of the
country.

The principal fruits requiring refrigeration
for extended storage are apples and pears.
Grapes aleo are stored extensively in some
places, partieularly in California. Refrigeration
is used aleo for the precocling or short-time
atorage of other fruite, such as cherries, plums,
and apricats.

Rural electrification and automatic refrigera-
tion equipment are now universal, and indi-
vidual fruit growers or small groups of grow-
ers have been building cold-ctorage plants at
or near their orchards instead of relying on
large plants that serve a whole community or
a large number of growers. This has been
colncident with the development of botter
handling and packing methods. The handling
methods, transportation equipment, and facili-
tiea required for sorting and packing extended
the distance that apples can be moved from
orchard to the cold-storage house so that pack-
ing and shipping will not be under the pressure
of getting the job dane in a matter of a few
daya after picking. Having refrigeration facili-
tiee at hand has permitted the orchardist to
give hie frult optimum protection while it is
awaiting packing and to employ a compara-
tively amall crew of ekilled harvesters instead
of having to mobilize large crews. This has
prevented fruit from wasting and allowed it
to be handled economically in laxge volume.

Many of the cold-storage plants designed
and operated along Jines found satiefactory for
general cold storage have heen neither efficient
nor economical for frult, owing to specialized

1
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requirements for the rapid coaling of the fruit
and the mai of its within

men and plant engineers, will desire more
detailed many subjects that nec-

narrow limits. For best possible returns on in-
vestments, emphasis must be placed upon both
the design and the efficient operation of a fruit
cold-storage plant,

Many cold-storage operators, including fore-

easarily are greatly condensed in a publication
of thia kind. For this reason, attention is called
to other publicatione on refrigeration engineer-
ing and fruit storage liated under Literature
Cited (p. 48).

RESPONSE OF FRUIT TO STORAGE CONDITIONS

Before undertaking to design and operate a
cold-storage plant, the nature of the product to
be stored must he underatood. Apples and pears
are alive at the time of harvest; the length of
time they may be held for consumption in the
fresh state depends upon how long the end of
their life can be delayed. Their storage life be-
ging the day they are picked, even though they
may remain temporarily in the orchard or
packinghouse, The length of storage life varies
with the variety, orchard, district, and condi-
tions of growth, the stage of maturity at which
the fruit is picked, and the temperature and
humidity at which it is held, For additional
discussion on these subjects, see reference
(32)8

Respiration and Ripening Processes

An apple or pear consists largely of water
and contains sugars, fruit acids, and, in and
hetween the cell walls, pectin. The pectina
cement the cells together, and the degree of
adhesion or disintegration of the cells de-
termines whether the flesh of a fruit is firm,
tough, criap, and juicy, or soft and mealy. The
chemical changes that take place in fruit dur-
ing ripening are very complex, Starch changea
to sugar; acids and insoluble pectins decrease;
and volatile constituents are given off. These
changes go on until the fruit becomes overripe
and unpalatable, with subsequent collapae. Dur-
ing the ripening process, oxygen ia consumed
from the air, water and carbon dioxide are
produced, and heat is generated. All these ac-
tivities are embodied in what is spoken of &s
respiration.

The chemical changes taking place in ripen-

“Ttalic numbers in parentheses refer to Literature
cited, p. 48,

ing fruit, and consequently the rate of respi-
ration, are re

fruit after picking to bring it to an optimum
storage temperature, the earlier the ripening
processes will be retarded and the longer the
fruit can be kept.

The generation of heat during the respira-
ton and ripening processea (referred to in more
detail on p. 28) is greater than is commonly
realized and deserves important consideration
in the design and operation of fruit cold-
atorage houses. The faster a fruit ripens, the
greater the quantity of heat generated. A Bart-
lett pear ripens faster than an apple at a given
temperature, and, therefore, its greater heat
of respiration results in larger refrigeration
demands, even when it is taken into storage at
the same temperature as the apple (table 1).

Storage Temperatures

Research by Magness and others (17) has
shown that when apples are stored at 80° I,
about 25 percent longer time is required for
them to ripen than at 82°, When stored at 40°,
the rate of ripening is about double that at 82°.
At Bﬂ“ lhe rate is about three times that at
at 86° the softening and respiration
ratn hnve been found to be about double those
t 60°. These findings emphasize the im-
Dartsnc! of having the cold storage designed
to quickly establish and maintain uniform low
temperatures. A atudy on the effect of hydro-
cooling apples (Red Delicious, Golden Delicious,
and Winesap apples) “Indicates that for long
storage of apples, hydrocooling offers no ad-
'vantages over air-cooling in cold storage rooms,
providing the cooling to approximately 82° is
accomplished within a week. If there is in-
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TABLE 1.—Rates of evolution of heat by fresh fruits when stored at various temperatures’

thermal unita (B.t:w.) per ton per day at indicated temperature

Kind of fruit A0 AI'F. 60 060 ° F. 08 to70°F, 70 to 80T,
Apples 11001800 8,000-6,800
Apricots 18008800 8,300-16,100
Gherrics, sour TH0E0 600011000 BanL- 11000
Ghorries, sweet 5100 3300-0500 ,200-7,000 _
ches 400-2, 1,800 o00ea0  iTgoo-aEn
Iio0am0  om0dba0 dsao s
- 24005300 3400-0,100  4,300-6,300

* Condensed from Lutz and Hardenburg (16).

sufficient refrigeration capacity in a warshouse
and a number of storage units are involved,
‘hydrocooling might be advisable” (28).

Uniformity of Temperature

Uniformity of temperature relates both to
ita range on the thermometer acale and to the
maintenance of.a like temperature throughout
a storage room, In some plants, cycles of com-
pressor operation cause a fluctuation of 2° to
4°F. in air temperatures. Slight fluctuation
does not injure fruit unless it s downward to
a point resulting in freezing or in low-tempera-
ture injury. Apples or pears exposed to & tem-
perature fluctuating from 80° to 82° will keep
ag long as if stored at a constant temperature
of 82°. If the fruit s stored at a uniform tem-
perature of 80°, however, its life may bs
lengthened by 25 percent (17).

heat generated must be given up to the air to
orevent a rise in fruit temperature, For this
reagon, it is not poesible to have the same air
or fruit temperature in all parts of a storage
room. In some storage rooms, the temperature
variation may be only a fraction of a degres,
while in others it may vary several dsgress
even after the fruit has been cooled to its final
temperature.

Because of these variations in temperaturs,
readings from thermometers placed in the
aisles may be misleading. To operate a plant
to the best advantage, the highest and lowest
fruit temperature in each room should be
known. Since the fruit stored in packed boxes
may be one degree or more higher than the
circulating air the core temperature must be
known. This temperature determines how well
m frulc will keep. The use of thermometers to

readings of the fruit in all

uniformity of

all parts of a stovage room is more m\pomm
than avoiding small fluctuations at a given
point. Marked variation in temperature within
the storage room will bring abont different
rates of fruit ripening. This frequently results
in mixing overripe and prime fruit in ship-
‘ment, or it may result in undetected deteriora-
tion and decay of fruit in inaccessible locations.
Thermometers and Uniform Temperatures

Because fruit s a living matter, it is generat-
ing a small quantity of heat continuoualy. The
air clrenlation is not uniform in all parts of
the storage room, therefore, the fruit tempera-
ture will not be the same at all locations. The

Fma of the storage room after it has been
filled with fruit is difficult.

There are times during the seacon, as fruit
is shifted or loaded out, when it is possible to
take core temperatures. Often, if temperature
conditions are known, steps can be taken to
‘make them more uniform. When fruit-tsmpera-
ture readings are not taken, temperatures
shown on the thermometer in an aisle are
frequently assumed to prevail throughout the
room. This is not true, and wide temperature
variations may occur, especially for the first
few weeks of storage. (See the discussion on
uge of thermocouples for reading temperatures
in these inaccessible places, p. 26.)
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The influence of the temperature of fruit on
the rate of ripening has special significance in
cold-storage management. Apples at 70° F.
ripen as much in 1 day as they would at 30° in
10 days; a delay of 8 days in an orchard or in
& warm-packing shed may shorten their stor-
age life as much as 30 days, even if they are
then stored &t 80°. Storage temperatures
recommended for various fruits are shown in
table 2.

Effects of Rapid Cooling

Apples and pears are not injured by rapid
cooling if the surface temperature of the fruit
atays above freezing or the fruit is not of a
variety susceptible to injury by low tempera-
ture occurring above the freezing point. Some
low-temperature injuries of apples are dis-
cussed on pages 39 to 42.

‘TABLE 2.—Recommended storage temperature,
of frash

US. DEPARTMENT OF AGRICULTURE
Freesing in Storage

Because of the dissclved constituents in
fruits and vegetables (chiefly sugars and
acids), the freezing points of these products
are appreciably below that of water. The aver-
age freezing point of apples is 28.4°F. It
ranges from as high as 20.7° to as low as 27.3°
in some of the summer varieties, but it is be-
tween 28.0° and 20.0° for the principal winter
varicties that are stored. The freezing tempera-
tures of pears are slightly below those of ap-
ples. Average freesing temperatures of some
fruits are given in table 2. Lutz and Harden-
burg (15) and Whiteman (36) have more
complete information on this subject.

Humidity, Moisture Loss, and Waxing

The loss of moisture from apples and pears
in storage, resulting in shriveling or wilting, is

relative humidity, and freezing temperature
fruit?

Kind and varlety Storage Relative Freering  Approx. length  Specific heat
of fruit temperaturs bumidity  temperature  of storage period

o F. Poroont F Bitaw/ ./ F.

30-32 86-00 284203 4-8 months 087

80-52 86-30 28.4-208 74-8 months K

3636 85-00 28.8-20.3 20 months 81

30-52 85-00 289-20.0 5-8 months 81

136-88 86-00 28.4-20.8 4-8 months 81

3840 86-00 0-20.3 5-8 months kY

1 90-05 MEE wHs moths 80

2-81 00-05 59-20.2 *4-6 months 80

3182 %0 ot 2-4 weul 1

81-82 % 01 1-8 woeks 88

32 00-35 280-20.0 2-7 days 84

80-31 90-95 241-98.0 28 wosks 81

* Condonsed from (16).

* Polyethylene liners oro needed for

Melntosh and Yellow Newtown appl
should be stored t the ki

iximum storage of Galdon Dellclous.
may develop brown core during extonded storage at 82° F.; hence, they

‘ Tutaues, T 1, (40) fouad n Ma resoarch that the an polnta of 11 variotien of pears rangod from 20.7*
s 1

fo 83" P, H o s

e
nt relaton between thes foctors

ints decrease i soluble solido Incrosed, but

it M peaa should ba packd with P
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directly related to mofsture in the form of wa-
ter vapor in the storage atmosphere. When the
relative humidity is meintained at above 90
percent, fruit rot is encouraged as well as sur-
face-mold growth on the fruit and on the walls,
ceilings, and floors of the storage room and on
the packages, Apples and pesrs may be kept in
cold-storage rooms without risk of excessive
moisture loss with active air movement, under
ideal conditions of humidity. When the relative
humidity is low, shriveling Is aggravated by
moving air, particularly when the fruit is
stored without wraps. A relative humidity of
85 percent is considered ideal for most fruits.
Some storages are using a higher relative hu-
midity, but higher humidities in cold storages
are conducive to mold gro

High-cost cooling surfaces and their acces-
sories are necessary to maintain 90-percent
relative humidity at full refrigeration load. To
maintain a 95-percent relative humidity by
cooling surface design is virtually prohibitive.
Table 3 shows the difficulty in controlling hu-
midity by coil surface alone.

One way of reducing condensation is by re-
ducing the temperature difference between the
cooling surface and the air (table 3). This may
be done by improving liquid feed, regulating
back pressure, having better defrosting, nsing
clean evaporator coils, having higher air
velocity through the coils, and heving larger
coil surfaces. Such rednced temperature differ-
ence is very effective in reducing condensation
at low humidities.

Table 8 also shows that when the air is at
90-percent relative humidity, lowering the tem-
perature difference from 20° to 4° F. reduced
condensation by only one-third. At 95-percent
relative humidity, the same reduction in tem-
perature difference increased condensation. At
this relative humidity, a 1° difference is neces-
sary Lo substantially reduce condensation.

The principal value of polyethylene film hox
liners for apples is the reduction of moisture
Joss and shriveling (29). Dehydration is very
noticeable when apples have little natural wax
and the relative humidity of the storage room
is below 85 percent. Perforated polyethylene
liners are used extensively for Golden Delicious
apples.

TabLe 8.—Calculated condensation per 1,000
B.t. on cooling surfaces from air at 32° F.1

Tempersture (“F.) difference betwean coll

Relative

hamidity surface and air st 32° F.
(pereent) 1+ 2 4 0 %
Pounds Pounds Pounds
036 o0 08l
8 a2 81
=
18
I
N a4

+ Devaloped fram o discussian on humidity contrel by
Guillow and Richardson, University of = California,
Davis, Cali.

Pears get the full benefit of polyethylene
liners only when they are sealed (29). The fruit
should be washed with an effective fungicide
before being packed as the high relative hu-
midity inside Llw liner may aceelerate the
growth of decay

The liners ehnuld be openad to allow ventila-
tion when the pears are removed from cold
storage for ripening. The use of polyethylene
pallet box covers over nonprecooled apples and
pears is not advisable as cooling is retarded
and the fruit ripens faster (12).

Waxing fruit hae generally been adopted in
the Pacific Northwest, Schomer and Pierson
(30) have the following to say on waxing:
Cammereiol waxing s not sufficient protec-

sl o eplace the “poly”"
Golden n.xm sorion
" Kool

o provent sheieling woud sause i
loal dumage, Coneguar reduction of
ta waxing 1s sl
poruant, e ity
susceptibie to wilting still must be ecked n
“poly” linera which reduce molsture losa to an
inaignificant amount.

‘Waxing enhances the appearanco of apples
and paaa by imparing ke which ‘porsists
even after extended storage.

Thero waa no onhansement of quality or ox-
tension of storago life as A result of waxing
for e,
on pesra retards ripening and might
extend shel e, Bechose of the ofet of wex
on ripening, howaver, the amunt applied must
bo contralled carefully.
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Air Cirenlation and Ventilation

Apples and pears should be stored in an
atmosphere free from pronounced odors. They
acquire off-flavors when stored with potatoes,
onions, cabbage, and certain othex products, If
stored by themselves, most fruits do not re-
quire & change of the air other than that oc-
casioned by the opening of doors or ports under
normal operation, provided the fruit is not
overripe when received and is quickly cooled
to an optimum storage temperature.

In most parts of the United States, sub-
stituting natural cold air for mechanical refrig-
eration during winter months is not practical;
therefore, it is seldom advisable to make any
spocial provisions in the stovage designs for
bringing in outside air,

In the storage of apples an active air move-
‘ment about the packages is advantageous, par-
ticularly with varieties susceptible to apple
scald, Less scald develops when they are stored
in moving air. A heavy odor in an apple storage
menns that some of the fruit is reaching an
advanced stage of ripeness, and the storage
peried should be terminated.

Eithylene, a gas given off by ripening apples,
pears, and some other fruits, hastens the rlpen-
ing of fruit stored at high temperatures but
has very little effect at low temperatures, Even
a very small quantity of the gas will cause
accelerated ripening at favorable temperatures.
This s an added reason for designing the cold
storage for the vapid cooling of fruit In all
parts of the vooms rather than providing for
removing ethylene by ventilation.

Air Purification
Tn some closed cold storages, air purification
becomes a necessity to prevent the fruit from
taking on an objectional flavor or odor. Acti-
vated coconut shell carbon units have been used
extensively for this.
mock (81) says the main funetion of an air
purification unit is to keep down foul odoxs in
tho room. Experiments with activated carbon
as an alr purifier by Gerhardt (8) showed that
activated carbon did not lowor ethylene gas
concentration in storage ro
According to the ﬁndinzs of Gorhardt and

Siegelman (11), the ripening effect of ethylene
gas on stored apples and pears at 31° I is of
lttle consequence, but it does accelerate ripen-
ing at elevated temperatures. Some credit was
given to the prevention of scald on fruit by the
use of activated carbon filter, but according to
recent developments in the use of diphenyla-
mine (22) for the prevention of sald, the use
of carbon filter for this purpose alone would
not be justifiable. When activated charcoal has
reached its practical saturation in service, it
must be reactivated, usually at the manu-
facturer’s plant (1). Gerhardt and Sainsbury
(10) experimented with brominated carbon for
absorbing volatiles from the air of the storage
room. He found that brominated carbon was a
more eflicient absorbent of ethylene than was
activated carbon but both were about the same
when it came to removing volatiles other than
ethylene. Brominated carbon is very corrosive
on metalic containers so it is not used.

Controlled-Atmosphere, or Gas, Storage

Reducing the oxygen content and increasing
the carbon dioxide in the atmosphere of a stor-
age room slows down the respiration, softening,
and ripening process of apples and pears,

Controlled-atmosphere (C.A.) storage has
the greatost advantage for apple varieties that
may be injured at low-storage temperatures
of 30° to 81°T,, such as McIntosh, Jonathan,
and Yellow Newtown varieties.

The use of C.A. storage for Delicious and
Golden Delicious apples has expanded very
rapidly in the Pacific Northwest. A law in
Washington State requires that apples labeled
as C.A. fruit must meet export standards at
time of shipment. This law hag resulted in a
prico advantage for C.A. stored fruit.

Several methods are used in obtaining a C.A.
storage room, The oldest method practiced is to
seal the storage room until it is essentially gas
proof with a sheet metal lining or high-density
plywood and caulked joints. The fruit then
consumes the oxygen until it reaches the de-
sired level, thereafter the concentration of the
gas is controlled by permitting outside air to
enter the room. The concentration of carbon
dioxide is built up by frult respiration; to limit



STORAGE FOR APPLES AND PEARS 7

this concentration level, the room atmosphere
is circulated through an atmospheric washer
containing a dilute solution of caustic soda
(NaOH) to absorb the excess carbon dioxide,
Refrigeration equipment also is necessary since
the fruit must be held at its normal cold stor-
age temperature.

Van Doren (84) states that, “The concentra-
tion of the solution of (NaOH) should not ex-
ceed 5 percent of caustic sodium hydroxide and
operators who use the flake caustic soda should
not exceed % pound of the caustic soda per
gallon of water in the scrubbing solution.
Lower concentrations are to be desired, with
only enough caustic soda being put in the water
to keep the increase of CO removed from the
storage air”’ Van Doren (34) further states,
“It is wise to plan on having about one pound
of caustic [soda] per bushel of apples stored,
although most operators will use only about %
pound per bushel per season.”

The use of dry-lime serubbers is becoming
popular for C.A. storage rooms because of the
scrubber’s simplicity, efficiency, and economy.
Sacks of dry-hydrated lime are placed directly
in the room or adjoining room and the room air
circulated by the sacks of lime. The lime ab-
sorbs the carbon dioxide (CO;) from the air.
When the CO, concentration of the room air
begins to increase, these sacks are removed and
replaced with fresh sacks. Some operators use
atmospheric equipment in conjunction with the
dry-hydrated lime. This machine generates the
desired atmosphere outside the storage room
and delivers it into the room at a designated
pressure of about % inch of water. By doing
this the rooms do not have to be so airtight
and plastic air bags, or breather bags, are not
used to take care of changes in atmospheric
pressure. Usually a small water seal trap with
a Ygeinch water seal is provided for any unfor-
seen large variation in pressure (fig. 1).

The CO, may also be serubbed from the air
of the storage room with water, Glycal is added
to the water to prevent it from froezing. The
water or brine flows over cells inside the stor-
age room where the room air is blown through
it. The brine cools the air as well as ahsorbs
the CO,. The brine is then pumped (or flows
by gravity) from the room and discharged

& UG
WATER SEAL

QUTSIDE 00K 1nSI0E RooM

Fiouns: 1~Section through water trap with the water
seal indieated.

over cooling cafls where it is chilled to the
desived storage temperature at the same time
being aerated, and the excess CO, is given off
to the outside air.

Some trouble has been experienced when
this method is used. The brine may give off
oxygen to the room air, raising the oxygen
level above the level desired. Operators have
reported that when a defoaming agent was
added to the water the increase of axygen in
the storage room air stopped.

To keep the air temperature in the room
from fluctuating too widely, a volume of air of
approximately 1 cubic foot per minute per box
of apples stored should be used. A large volume
of brine should also be circulated. By using this
method relative humidities of 95 percent can
be obtained easily.

‘When the air velocity is incrensed, high hu-
midities will prevent weight loss from the
stored product, A commercial external gas gen-
erator can also be used with this method.

Where the oxygen level in a controlled at-
mosphere room is dependent upon the stored
fruit, the room must be tightly sealed. The use
of external generatora to supply the desired
axygen level of air to the room allows some
tolerance in the sealing, The amount of alr
lekage is fixed by the size of the room and
type of generator used. Generally, some
auxiliary method must be used in C.A. rooms
to produce a high relative humldity of 90 to 95
percent. Usually water is sprayed directly into
the air of the room.

In some storages where a commercial gen-
erator is not available, the room atmosphere
can be obtained by flushing the rooms with
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nitrogen. This method is expensive and should
be used only in bringing the room atmosphere
to the desired composition when natural ab-
sorption of the oxygen from the room air by
the fruit is not fast enough.

The oxygen content in air of & C.A. room

oxygen mask chould be worn when entering
auch a room or the door to the room should be
left open for several hours before entering.
Someane should be outside the room as a safet
man while & workman is in the room if the
oxygen content is low.

For further referance on C.A. rooms, sce
reforence (15) and the ruiarunces limd
therein. Table 4 gives the

TABLE 4—Ouxygen, carbon diozide, and tem-
perature requirements for controlled atmos-
Dhere storage of selected varieties of apples'

Carbon

Varisty  giide  Oxgyen Temperature
Peraont Porcont F
25 8

23 s0-82
28 80-82
3 82
H 38
H 82
3 30-52
3 0-82
28 3840

temperature and oxygen and carbon dloxide
levels for C.A. storage of selected varietios of
apples.

Pears respond very well in C.A. storage but
require & high relative humidity of at least 90
t0 95 percent, Use of C.A. storage for pears hag
been slow, however, because of the excellent
results obtained when pears are packed and
stored with polyethylene-lined containers (16,

Storage Sanitation

A storage interlor free from decayed fruit,
dirt, and mold is a criterion of good manage-
ment, The growth of surface molds within a
storage, however, may indicate favorable con-
ditions of relative humidity and does not par-
ticularly menace stored apples and pears
packed in closed containers. The use of fun-
gicidal paints or the annual whitewashing of
walls, ceilings, posts, and air ducts and the
ailing of the floors will largely prevent the
growth of surface molds. Mold growth and
spores may bo killed by spraying the empt;
storage with a sodium hypochlorite solution
having 08 porcent available chlorine. The
roms ahould be cloeed for a few days after
apray

Chlmm vapor from a spray of sodium
lypocilorite is an irritant to the mucous
membrane. Workmen should therefore be
protected from injury while spraying. This
may be done either by using fans to produce
an air movement to carry away the fumes or

Adapted from Lutz (15).
: Corland and Melntoth varites wro stored in 2
perent COuthe st monkh and § parust theruater,
Washingion Stae, 1- ereent oxygen I
mlndld o Dalions lnd Golden Deicons varioen
Tath

by wearing an all-.urm'u gas mask in non-

ventilated 7

For further diseussions on this topic, see
(16).

Ozone

Ozane as used in cold storages is a deodorizer
and a doterrent to surface molds which develop
in high humiditiea, Although it ia not too widely
used in cold storages of apples and other fruits,
a few commorcial storages use it rogularly.

Ozone is a powerful oxidizing agent, and is
uged mainly to oxidize many objectional odors
and gases that are associated with storages. It
ia made by the condensation of oxygen from the
air with & high voltage current.

At low concentrations, ozone has a pleasant
odor, but prolonged exposure to concentrations
above 0.1 part per million (p.pm.) should be
avoided.

Schomer and McColloch (27) report that in
their experiments ozone did not check decay
of tho fruit in storage, but air-borne spores
were killed by continuous exposure to ozonized
atmosphere, so that viable spores occurring
naturally in the atmosphere were roduced to
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an insignificant number. Mold on the surfaces
of packages and walls of the storage room was
prevented.

Ozone did not reduce the seald enough to pro-
vide a satisfactory control. Some varieties of
apples develop lenticel injury due to prolonged
storage in strong concentrations of ozone. In
addition to injury of lenticel tissue, other
serions effects of extended exposure to 3.25
m. of ozone may occur, such as the skin of

the apple having & sticky and varnishlike ap-
pearance. The flavor of some apples is also im-
paired. The extent of this off-flavor varies with
the variety.

Schomer (27) also reports that ozone ap-
peared to have no effect on major physiological
activities of apples such as ripening during the
storage period ns measured by pressure tosts,
composition of internal atmosphere, pH, and
total acidity.

STORAGE BEHAVIOR OF APPLES AND PEARS

Success in the storage of apples and pears
is dependent upon consideration of their in-
herent, characteristics and upon their normal
cold-storage life. The handling of the fruit be-
fore storage is also important. “Maximum stor-
age life can be obtained only by storage of
high-qulity commoditios shorbly atter harvest”
(

Apples

A temperature of 30° to 32° F. and a relative
humidity of 85 to 88 percent give best results
in the storage of most varieties of aples in
most parts of the United States. Certain va-
rieties, however, sometimes will not tolerate
continuous low-temperature storage. Yellow
Newtown, Melntosh, and Rhode Tsland Green-
ing apples should be held at 35° to 38° to pre-
vent development of internal browning and
brown core. Grimes Golden should be held at
384° to 86° to prevent soggy breakdown. Under
conditions deseribed helow, certain other varie-
ties should be stored at temperatures higher
than 82° to avoid storage disorder

The higher the storage temperature the
faster the apples will ripen and the sooner the
end of their storage period will be reached.
Apples stored at distant points from markets
must have suffcient life left when withdrawn
from storage to withstand the higher tempera-
tures of transportation and distribution. The
longer apples are stored the shorter thelr life
after removal to higher temperatures. Thus,
when distribution requires 10 days to 2 weeks,
apples that leave cold storage in apparently
good condition may reach the consumer over-

ripened and mealy with many decayed fruits.
Some forms of deterioration of applos in stor-
age are discussed here,
Ammonia Injury

Ammonia injury on apples is recognized by
a prominence of the lenticels, which become
‘white at the centor, with some or many of them
surrounded by bands of black on the red sur-
faces or of green on the yellow-green surfaccs.
Even short exposures to small concentrations
of ammonia will produce these color changes.
When ammonia concentrations are 2 to 5 per-
cont, an exposure of 5 to 8 minutes results In
prominent lenticels with the surrounding dis-
coloration spreading between the black or green
rings. After the apples have been exposed to
the fumes for a short period, they partially
recover when aorated. The residual damago
may be only a slight skin blemish around the
lenticels or it may be more serions and affect
the flesh tissue,
Apples Rots

Apple rots ere caused by fungi commonly
veferred to as molds (7, 25). From the stand-
point of the cold-storage operator, a most im-
portant characteristic of rot-producing fungi
is that their growth and the germination of
spores are cither entirely stopped or greatly
‘held in check at temperatures of 30° to 82° F\.
The riper the apples are before being handled,
the more susceptible they become to injury and
rot infection. The growth of such important
fungt na blue mold, gray mold, and Alirnarie
progrosses slowly at temperatures of 80° t
82° once infection takes place. Gradual molinl
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over 2 to 4 weeks is a bad practice. It hastens
the unseen development of rot fungi and later
results in a greater percentage of decay than
in fruit cooled quickly.

The cold-storage s wais to
leep a close watch for and decay in
all storage ot Certain waide rols” and the
“bull’s-eye” rot from perennial canker grow
slowly until apples reach a certain stage of
ripeness, whereupon thes rots grow sapidly
and become apparent weeks, often
causing sovere loss oene “Being detctod.
Susceptible lota should be inspected frequently
and should be sold before becoming ripe, es-
pecially after the first signs of decay are
noticed.

The effect of cold storage upon susceptibility
to decay of the fruit before it is washec
packed depends upon the character of storage
and the degree of ripeness of the fruit when
handled. Firm apples of good quality should be
placed in cold storage immediately after har-
vest. They should be cooled to & core tempera-
ture of 82 F. within 1 weck, When apples are
treated this way the danger from storage rot is
decreased. This allows the packing season to
be extended, When apples are to be held at
temperatures condueive to ripening, it i pref-
erable to pack them before storage and market
‘them as soon as possible.

Biter Pit

Bitter pit, sometimes called Baldwin apot or
stippen and recognized by sunken areas or pits
with brown spongy areas in the flesh, cannot
De controlled in cold storage. Bitter pit is a
disorder related to growing conditions and may
‘become noticeable on the tree or after the fruit
‘hag been harvested and stored, Crops of suscep-
tible apples intended for storage should be held
at 80° to 82° F. for 2 months before being
packed so that affected fruits may be sorted
out.

Internal Browning, or Brown Core

The terms “internal browning” and “brown
core” are used, respectively, to designate the
offects of low-temperature injury in Yellow
Newtown and McIntosh apples. The Yellow
Newtown grown in the Pajaro Valley in Cali-

fornia is especially susceptible, and in this
variety the injury commonly appears s
elongated areas of brown discoloration radiat.
ing from the core. As it progresses, it may
spread throughout the tissue and resemble
internal breakdown. In McIntosh, as well as in
Yellow Newtown and some other varieties, it is
characterized at first by a slight brown dis-
coloration between the seed cavities that may
later progress until the entire core area be-
comes brown, making the fruit unmarketable.
Susceptible apples should not be stored at 30°
to 829 F. but at 86° to 40° to prevent or mini-
mize losses during storage. In districts where
internal browning and brown core are serious
storage hazards, the application of C.A. storage
should be considered.

Internal Breakdown

Internal brealdown, recognized by a more or
less general brownish discoloration of the flesh,
usually outeide the core and at the blossom end
of the apple, is essentially death from old age.
Tt manifests itself in various ways in different
varieties, In Jonathan, an area on one side or
in a zone beneath the skin may become brown
and diy while the rest of the flesh is crisp and
juicy. This is sometimes spoken of as “Jonathan
breakdown.” It is associated with fruit har-
vested at an advanced stage of maturity. It may
occur early in the storage season.

In other varieties, internal breakdown may
appear ag brownish streaks in ripe, mealy tis-
sue, later becoming badly discolored, dry, and
spongy. This is designated as “mealy break-
down,” and in some varieties the skin often
ruptures. Late in the storage season or after
removal from storage, this disorder frequently
occurs beneath bad bruises, or in tissue near
the core in a region affected with severe water
core at the time of harvest. The risk of loss
from internal breakdown is negligible when
apples are harvested at the proper stage of
maturity and stored promptly at 80° to 32° F.
for normal periods for the variety. When found
in a storage lot, it should be regarded as a sig-
nal for prompt disposal of the fruit.

what similar type of discoloration
ocees in the £eult of some varleties In some
lisriets before harvest, T is caused by a Go.

2
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ficiency of boron. This type of breakdown does
not become worse while the fruit o in storage,
Storage Scald

Storage scald is a browning of the skin and
i¢ distinguished from soft seald by being super-
ficial, generally diffuse, and more pronounced
on the green or unblushed surfaces. It is as.
sociated with fruit harvested at an immature
stage. Storage scald may be entirely prevented
in some varieties, including Delicious, by delay-
ing picking until the fruit is sufficiently ma-
ture. Tt jo thought to be induced by certain
volatile products of ripening. If apples are not
too immature when harvested, storage scald
can be largely controlled by placing paper con-
taining at least 15 percent of an odorless and
tasteleas mineral oil in contact with the fruit as
s00n as possible after harvest.

The present treatment for storage seald is
the use of Diphenylamine (DPA) or ethoxyquin
(Stop Scald). DPA is available in wettable
powder, emulsifiable liquids, or in impregnated
wraps (22, 29).

Pierson (22) states,

A concentration of 2,000 ppm should bs used

for Delicious and Winessp apples, and 1,000
ppm for Rome Benuty apples. The impreg-
nated wraps can be used on nll of the sbove
should ot be used on Golden
Ethoxyqulnemulsions o

licious should be troated as soor
possible, preforably with o delay of leas
than 10 days. For Winesaps n delay of 4-6
weoks is pormissible.

Some operators apply DPA by submerging
or dipping the pallet boxes into a tank of the
solution or by drenching the apples by flooding
the solution over them before placing the pallet
boxes in cold storage. The pallet boxes of apples
should be well drained after treatment,

The dipping tanks should have the solution
agitated at all times and any scum that might
have accumulated on the surface should be re-
moved as it may contain DPA crystals. If these
crystals are deposited on the fruit, they will
injure or burn the fruit upon extended contact,

DPA may be applled by spraying the fruit
just before it s packed, but the fruit should be

packed soon after harvest. Application of DPA
in a spray just before waxing or the inclusion
of DPA in the wax will not control scald, When
the fruit is to be waxed, it should be treated
at least 6 weeks before waxing or it should be
wrapped in DPA impregnated wraps (22).

Soft Seald
Soft seald is frequently confused with stor-
age ocald, but it has a different appearance and
is radically different in its cause end preven-
tion. Soft seald seldom occurs on fruit picked
at the proper stage of maturity and stored
immediately at 30° to 82° F. It is usually
caused when susceptible varieties of apyles are
delayed at warm temperatures after harvesting
and are then placed in low-temperature stor-
age (below 836°). It cannot be prevented by
the use of chemical dips or oiled paper wraps,
or by picking at an advanced stage of maturity.
In its early stages soft scald may memble
storage scald, as faint patches of
come apparent, but soft scald develops mther
rapidly into slightly depressed areas of die-
calored skin. The margins of the affected areas
are sharp, and the pattern is generally irreg-
ular. The apyle may have the appearance of
having been rolled over a hot stove. Another
distinguishing feature is the brown spongy
tissue beneath affected arens. In certain varie-
ties the disorder may be confined to the small
points of contact where apples press against
each other. When limited to thia type of mani-
festation, soft scald is sometimes referred to
a8 “contact ecald” and when found in mid-
winter it rarely develops to greater propor-
tions. Freeing injury may look like soft scald,
Jonathan and Rome Beauty are the varleties
‘moat susceptible to soft scald. At the expense
of a shortened storage life, susceptable lots of
these varieties chould be stored at 35° to 36° F.
Controlled atmosphere storage wlll also pro-
vide good contral of soft scald (15). The same
applies to Golden Delicious if not stored within
4 days after picking. McIntosh, Delicious, and
other varieties are sometimes affected. In the
Winesap, soft scald is largely confined to fruit
that has been held in common storage for a
period and then moved into cold-storage tem-
peratures of 30° to 82°. Soft scald can bs pre-
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vented by holding the fruit in 25-percent CO,
gas for 24 hours before storage at 30° to 32°.

Scaldlike Disorders

Golden Delicions and Yellow Newtown apples
that hang on the tree with the cheek freely ox-
posed to the sun may have sunburn that ie not
very noticeable at the timo of packing, but
after & period in storage thest
an appearance that is difficult to distinguish
from apple scald. This disorder should be diag-
nosed as dolayed sunburn. It does mot ma-
terially shorten the storage life of the fruit and
when found on occasional specimens does not
roquire the early disposal necessary when oc-
casional specimens are found with storage
scald, The only prevention is a more careful
sorting of sunburmed apples at the time of
packing.
Small sunken-scalded spots result from the
contact of apples with Douglas-fir wood, such
as with fir-tree props or bins constructed of
this wood.

Fressing njry
xy from freezing ranges from o visible
ovidencs taloing nipent o formation
the flesh to a brown discoloration of tho entire
apple following “froezing to death” at pro-
longed low temperatures. Intermediato stages
of injury mey appear as follows: & slight
aottening of tho flesh; a fleky or corky charac-
tor in a flesh lacking normal crispness; brown
discoloration of tissue around the 10 fibro-
vaseular bundles and extending as threadliko
fiber throughout the flesh; the appearanco of
aunken spots where the apples wero bruisod
while frozen; and as soft scald. All of theso
manifestations chould bo Intorpreted as indi-
cating a shortened storago life. After apples
have boen badly frozen, the skin becomes
shriveled, the surface io discolored n irrog-
ularly shaped areas, and the tissue beneath
may be translucent and water-sozked or have
aomo shade of brown. Badly frozen tissue be
comes dry and corky atter prolonged storage.
When slight freezing oceurs noar rofrigora-
tion calls or cold-sir ducts, the frost can be
removed by taising the temporature at those
points to 82¢F. But when the applos are
frozen deep in the piles, a storage-room tem-

perature of up to 40° and an active circulation
of air between the packages will be necessary
to thaw them ont. The fruit should not be
‘moved while frozen, as this will result in severe
injury. The thawing of frozen apples at a fem-
perature of 82° to 40° is recommended. A high
temperature will accelerate ripening and cauge
greater dehydration of the fruit. To prevent
shriveling, the relative humidity should be kept
as high as possible during the thawing process,
proferably above 80 percent.

Jonathan Spot

Jonathan spot is a skin disease giving the
apple a frecklod appearance from small black
or brown spots that appear usually on the deep-
colored areas. Although it sometimes develops
on other varietics, especially Rome Beauty,
from a commercial standpoint it is of im-
portanco only on the Jonathan. It may be con-
fused with the brown-freckled appearance of
Jonathans caused by spray or washing injuries,
but these diseases are distinguished by their
appearing carlier in storage, regardiess of tem-
peratures. Jonathan spot is prevented almost
entirely by picking the apples hefore they are
overmature and storing them promptly at 80°
to 82°F. The disease, an indication of “old
age,” may develop on fruit still on the tree, Its
appoarance in storage is & warning that the
fruit is boing kept heyond ite commercial stor-
age period.

Water Core

Water core occurs in the fruit before it is
removed from the tree. As it is usually as-
sociated with advanced picking maturity, crops
severoly affected are ordinarily not considered
well suited for prolonged storage. The water-
soaked areas gradually become smaller during
storago and, if they are not severe, may com-
pletely disappear. Apples affected with water
core never completely recover, however, be-
cause the affected tissue has been weakened
and is disposed to internal breakdown. In the
Delicious, Rome Beauty, Stayman, and other
softer varieties, internal breakdown may follow
slight water core at the fibrovascular bundles.
Apples that have apparently made a complete
recovery while in cold storage frequently be-
come worthless from internal breakdown
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within 5 or 6 days after removal from cold
storage.

“The disappearance of water care is hastened
by holding them at temperatures that produce
rapid ripening. As such ripening is not desir-
able, however, the only recommendation that
can be made is to limit the storage scason as
much as possible and keep the fruit under ro-
frigeration,

n 1962 an instrument was developed which
can detect water core by tranemiting light
through the fruit (20). This instrument,
known as a Difference Meter, is capable of
vapidly measuring optical density differences
of intact fruit. It is primarily a laboratory in-
strument, and is a nondestructive
method of determmmz the amount of water
core in an aj

Pears

Pears have a slightly lower freczing point
than apples and, not being subject to such low-
temperature diseases as soft scald and brown
core, can be stored at slightly lower tempera-
tures, 20° to 81° being recommended.

s pears are rather susceptible to shriveling,
the relative humidity of the storage room
should be kept above 85 percent, proferably
about 90 percent.

Pears are more responsive to high tempern-
ture than most varieties of apples, so that it ia
essential that heat be removed from them as
rapidly as possible immediately after harvest-
ing. They have a high rate of respiration, and
the heat of respiration is an important con-
slderation in storage, especially during the
caoling period. For successful storage, there-
fore, the fruit at the center of packages must
be cooled approximately to the storage tem-
perature within 48 hours before the packages
are stacked in the permanent storage piles.
Thia can be done by circulating 26° to 81° F.
air through widely spaced stacks of packages
immediately after they are packed. After this
initial cooling, packages should be stacked so
as to provide air channels for the continuous
removal of the heat of respiration and for uni-
form refrigeration throughout the piles. Stack-
ing away from the walls and on strips or floor

racks is necessary to prevent the conduction
of heat to the fruit.

Pears may be hel d storage and sub-
sequently washed and packed without serious
injury or disfigurement, provided ripening has
progressed only slightly. The prevalence of
scratches and other friction marks often found
on fruit thus held depends on the stage of
ripeness rather than being due to the influence
of refrigeration. Holding the fruit for 2 or 8
weeks before washing and packing is safe if
the fruit is kept at 30° to 31° ., from the time
it is harvested.

Loss of Ripening Capacity
Following prolenged storage, certain varie-
ties of pears may seem to be in excellent condi-
tion but when taken to ripening temperatures
they fail to respond. Although the color of the
fruit may become yellow in the ripening tem-
peratures, the flosh does nat soften or become
juicy. Bose, Comico, Bartlett, and Flemish
Beauty exhibit this characteristic and do so
carlier In the season when stored at tempera-
tures higher than 80° to 31° F. These varieties
should be stored at optimum low temperatures
and for periods not longer than the varietal
storage season. Following storage, ripening
muat proceed promptly at optimum ripening
temperatures.
Optimum Ripening Temperatures

Commercial varieties of pears grown in the
United States do not ripen satisfactorily for
cating while held at 20° to 81° F. Some varie-
tes gradually become softer at these tempera-
tures, while others may turn slightly more
yellow but scarcely soften. All pears necd to
be withdrawn from cold storage and held at
higher temperatures to ripen for cating.

The optimum ripening temperature for most
varioties is between 65° and 70° F. Bartlett has
much better quality when riponed in this range
than at higher temperatures. Bosc fails to ripen
normally at lower temperatures, Kieffer has
optimum qunmy when ripened at temperatures
between 60° a

Pear Rots
Blue mold rot and gray mold rot are the
most important storage rots in pears. Blue
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mold rot usually results from skin punctures.
Gray mold rot may start at ruptures of the
skin or at broken stems and spreads from fruit
to fruit by contact. Once established, gray mold
grows slowly in cold storage, but having the
capacity to enter the unbroken skin of ad-
jacent fruits, it often produces the so-called
“nest rot” affecting a group of pears. The
spreading from one pear to another can be
prevented by packing pears in wrappers im-
pregnated with copper. Sanitary messures In
harvesting and packing, together with prompt
codling to temperatures of 29° to 81° F. are
important factors in preventing losses from
decay.

Pear Seald

In pear scald the skin of the fruit becomes
dark brown and soft and llu\lzhl off easily
under pressure; The affect may become
almost black and afford sntrsn for the decay
fungi that usuaily follows. The disezse does not
appear unti] the fruit is aged in storage from
befng held too long or at too high a tempera-
ture. Pear scald, other than the type on the
Anjou variety, cannot be prevented by packing
in oiled wrappers, but susceptibility may be

lessened by picking before the fruit becomes too
advanced in maturity and by storing at tem-
peratures of 29° to 31° F.
Anjou Seald

The Anjou variety is subject to a mottled
surface browning or blackening in storage.
Unlike pear scald, this does not cause a akin
disintegration that is deep-seated, nor does the
skin slough off. When the pears are wrapped
In olled paper containing basic copper car-
bonate (Hartman wrap), some benefit is ob-
tained in the provention of Anjou scald. Studies
on this problem have been published (24).
Cork Spot

Cork, or cork spot, i characterized by small
regions of dark-brown corky tissue appearing
in the flesh of pears. When the affected tisaue
is near the surface, a small depression fre-
quently appears and the skin at this spot may
be slightly dark. Anjou is the varioty frequently
affected by cork spot. The disease is related to
growing conditions in the orchard and is not
caused by torsgo condltions. Aflactod frlt an
be stored approximately as long as mormal
fruit, but its market value m-y be greatly de-
preciated if cork spot is very prevalent,

COLD-STORAGE PLANTS AND EQUIPMENT

Refrigeration
The best way to become familiar with re-
{rigeration is to work with it and use it, Each
cold-storage plant has characteristics of its
own. To take advantage of its good points and
to avold difficulties that may not be common
to other plants, the operator must be familiar
with his particular plant. General principles of
refrigeration apply to all plants, however, and
knowing theso principles wil enable an opera-
tor to profit by his experience, These principles
are covered in textbooks (16, 18, 19, and 95) ;
‘more specific information is given in handbooks
(1 and 85) on charactoristics of refrigerants;
condenser, compressor, and evaporator; insula-
tion values; fan and duct data; requirements of
ed products; cooling surface; power re-
quirements; and other matter.

Pumping Heat
The process of refrigeration might be likened
to pumping air out of a tank until the pressure
is lower than that of the atmosphere. Once
the desired low pressure inside the tank is
reached, the only additional pumping necessary
is to remove any air that enters the tank by
leakage, and then the pumping needed will de-
pend entirely upon the leakage. In a refrig-
erated space, it is desirable to maintain a
certain temperature below that of the sur-
roundings, Heat is pumped out until the desired
low temperature is reached, whereupon further
pumping is necessary only to remove the heat
that enters the chamber by leakage through
walls and open doors or heat that is generated
within the space.
en_pumping aix from a vacuum tank, if
only a slight approach to vacuum is required,
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less power and a smaller pump are needed than
for a high vacuum. The size of the pump re-
quired and the horsepower of the motor de-
pend upon two factors: (1) The quantity of
air o be removed and (2) the pressure inside
the tank. If oo much air i allowed to enter
the tank, the pump cannot remove it and the
desired vacuum cannot be maintained. Sir
larly n a refrigerating system, if only a mod-
exately low temperature is required, less power
and a smaller compressor are needed than
where a very low temperature is desired. Fur-
thermore, if the refrigeration machinery does
not have the capacity to pump out heat as fast
as it enters the chamber, the desired low tem-
perature cannot be reached.

In extending the comparison, the factors de-
termining the size of the pumps for the vacuum
are (1) pressures, usually expressed in pounds
per square inch (ps.i.), and (2) quantity of
ai, expressed as pounds per minute. In the
refrigerating system the factors are (1) tem-
perature, expressed in degrees, and (2) he
commonly exnleued o British thermal units
(B.tu.). The ter ish thermal unit (the
heat required o raise the temperature of 1
pound of pure water 1°F.) corresponds to the
term pound (in pumping air), in that both ex-
prese definite quantities of the matter to be
handled.

Quantity of Heat

Heat is not a substance and cannot be
measured as to quantity by pounds or cubic
feet but must be measured by the effect it
produces, Heat is measured in intensity in units
of temperature and in quantity by units of

cat.

In dealing with refrigeration problems, it is
just ag necessary to consider the quantity of
heat to be handled as to speak of pounds of air
or gallons of water when computing the neces-
sary sizes of air or water pumps for given
jobs. Just as 1 pound represents a very definite
and measurable quantity of air, and it is still
the same regardless of the pressure under
which it is placed, so 1 B.tw. represents a
definite and measurable quantity of heat, and
it too remains the same regardless of existing
temperatures,

The refrigeration demand upon the ma-
chinery is frequently spoken of in tons. This
usage had its origin in a comparison of refrig-
erating capacity, or demand, with the refrig-
eration obtained from melting 1 ton of ice. As
144 Bitu, of heat are required to change 1
pound of ice to water at the melting point,
288,000 B.t.u, are required to melt 1 ton of ice.
Where 288,000 B.t.u. of heat must be removed
in 24 hours, 1 ton of refrigeration is required.

1, for example, a temperature of 82° F. is
to be maintained in & storage buiiding, the
refrigeration system will have to remove a
quantity of heat just equal to that which enters
the building. The heat entering may come from
many sources. In the first place, if the outside
temperature is above 32° some heat will come
in through the walls, This infiltration can be
reduced by insulation, but not even the best
insulation will exclude all heat leakage. If the
building has cracks, or if the doors or windows
are open and permit warm air to enter, an
increased quantity of heat will be introduced,
depending upon the outside temperature and
the quantity of air, Materials having tempera-
tures above 82° placed in the cooled space will
introduce still another quantity of heat, de-
pending upon the temperature, weight
nature of the material. If the materials are
living, as for example, apples, they will produce
‘heat continually; this heat is in addition to that
which they contained when fist put into stor-

age.
The heat from these and other incidental
sources combines into the total quantity of heat
the refrigerating system is expected to remove.
If the system has sufficient capacity, the heat
can all be pumped out, If the heat introduced
into or produced within the building exceeds
the capacity of the refrigeration system, some
of it will remain in the fruit and cannot be
taken out until the rate of heat intake drops
below the rate at which it can be removed.

Flow of Heat

eat always flows from the warmer to the
colder object or substance. Heat will permeate
everything, and no substance or material is
known that will totally prevent or stop its flow.
Some materials, known as insulating materials,
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will retard or resist the flow of heat. These
materials such as cork, rock wool, styrofoam,
and urethane are used as insulation in the walls
and ceilings of cold-storage houses.

Other material, like bright aluminum foil,
prevent the passage or flow of heat by reflecting
it away or back.

Heat passes from substances or bodies of
higher temperature to those of lower tempera-
ture by (1) conduction, (2) convention, and
(3) radiation, or (4) by a combination of these
means.

Conduction s the flow of heat through & solid
substance or from one body to the other that
are in contact, Heat flows readily through some
materials like iron, copper, and aluminum,
‘These materials are known as conductors.

Convection i the transmission of heat by the
flow of liquids or gases after contact with a
heated source. The heat is conveyed from the
warmer to the colder substance where heat
transfer takes place. In cold-storage houses air
currents are the most common agents convey-
ing heat by convection. The circulating air is
warmed by contact with the fruit and then the
heat flows from the air to refrigerator cooling
colls as it passes through the evaporator unite.

Radiation is the tranamission of heat throngh
intervening substances without heating the
substance. The heat supplied to the outside of a
building by the sun is by radiation, since the
sun’s rays do not heat the air through which it
passes but does heat the building wails or ub-
stance where it is absorbed.

Three Steps in the Refrigerating Procos:

Heat, like air, is handled in definite quan-
tities, but unlike air it cannot be moved bodily
from one point to another. By its nature, heat
moves from a place of high temperature to ane
of low temperature. A refrigerating aystem, or
‘heat pump, takes advantage of this tendency.

Heat from the storage room moves through
the walls of the evaporator cooling cofls to the
ammonia or other refrigerant inside, which is
at a lower temperature, The compressor then
takes the vaporized gas with the heat it has
picked up in the evaporator and by compressing
the gas raises its temperature, The heat from
the hot gas finally is transferred into the con-

denser water because the water is at a lower
temperature. Thus, the heat from the storage
is now in the condenser cooling water, which
may be either wasted or cooled by aeration for
recirculation. These three ateps in heat removal
are accomplished by the three essential parts of
the refrigerating system—the evaporator, the
compressor, and the condenser (fig. 2).4

Bowen (4, pp. £-8) describes the operation of the re-
Ligomior o in figure 2 as follows:

i te Iaant et of veporaation for
etsgoration w14 1 comees e
application {s ma e phy
the temperature ot which a fluid boils or can-
denses s raised or lowored, respectively, by
incrcasing or reducing th

the evaporating calls and hence absorl heat on

ow-temperature plane, the presurs in the
ol is lowerad by suckon of the com

" T treo the flid of the hoat sbrorbed

i Seslgaeator and return s Heutd form,

ter. (In very small machines, air may be
used instead of water.)
al parts of a comprossion-rtrig-
erating system are an ovaporator, a compres-
@ condenser.

eviporator (the

colls in the

ts
i of coln of e over 1 hnangh wieh
air flows to absorb the heat from th
588, which I therehy ot Tn eme ysioms
rough an_ inner
e 8 s the sompriso thzough
the anmlar spce ebween e mer 4 the
Foom tha condanser the refrlpe
t passes first to a liquid recoiver, and then
through a throttling or expansion valve into
the ovarator col, to repea the procems of
{ranatering hest from the refrigeator to the
wster flowing through the condenser, The
emperature of th liguld amnonia i rdced
temperature of the recoivor to that
e Setriguraior by vaperiuing a part of
the liquid.
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LOW-PRESSURE SIDE

‘Fiaure 2.—Essentiai parts of & compression refrigerstion systam.

In the evaporator, or cooling cails, the quan-
tity of heat picked up depends upon (1) the
temperature difference between the refrigerant
(ammonia or Freon) in the cofls and the room
air, (2) the area of coil surface exposed, and
(8) the resistance to heat flow through the
walls of the pipes or tubing. The resistance to
passage of heat into the coil in turn depends
not only upon the cleanness of the coil but also
upon the velocity of air (or if a brine

The axpaoalon valve 1s of & syl ddn
and is capable of ve djustment. Tts
function Js & atn the fow of the
liquid refrigerant that suitable pressuro and
operere somitions wil b mintined.
is largely vesponsible for the control of tem=
peraturo in th evaporsting or evcling colls.

—
WATER
INLET

ﬁ_

WATER
OUTLET

CONDENSER

HIGH-PRESSURE SIDE

cooling system is used) passing the coil and
the velocity of the refrigerant (whether liquid
or vapor). The resistance is increased by an
accumulation of frost, or if not enough piping
surface is exposed, a large temperature differ-
ence will be necessary between the inside and
outside of the coll to permit sufficlent heat to
pass into the coils, This requires o low-gas
temperature. If, because of resistance or in-
sufficient surface in the cooling coils, it is neces-
sary to maintain & low gas temperature (which
‘means low-suction pressure), the compressor is
forced to boost the temperature from a low
point, and it cannot handle as much heat as
when the suction temperature is higher.
compressor must also discharge the gas
at such temperature that heat will flow from it
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to the cooling water in the condenser. In gen-
eral, a compressor can handle more heat if the
temperature in the cooling coils is kept as high
as possible and the temperature in the con-
denser as low as possible. The same conditions
also reduce the power necessary to remove a
given quantity of heat.

When the gas eniers the condenser, heat
passes from it into the cooling water. As in the
evaporating coils, the heat pessing from the
gas to the cooling water depends upon (1) the
temperature difference between the gas and the
water, (2) the surface area exposed, and (8)
the resistance to heat flow through the con-
denser pipes. Here also, the resistance to the
passage of heat depends upon the water and
the gas velocities and the cleanness of the coil.
Scale, which tends to collect on the pipes from
the cooling water, may Increase the resistance
markedly. If (1) scale builds up on the coil, or
(2) sufficlent cooling surface is not provided,
then only by a large difference in temperature
between the gas and the water can the required
quantity of heat be transferred to the water.
High temperature of the gas in the condenser
reduces compressor capacity and increases
power consumption, An adequate supply of wa-
ter as cold as possible will help lower the tem-
perature of the gas in the condenser and reduce
power consumption.

Condenser

The condenser has one purpose. It must per-
mit the passage of heat from the compressed
gas to the cooling water (or air in an at-
mospheric condenser) and do so at as low & gas
temperature as possible, It must transter all
the heat. that has been taken up in the evapora-
tor as well as that added by the work of the
compressor. The passage of heat into the cool-
ing water is facilitated by a large area of cool-

surface. A high gas temperature also increases
the quantity of heat retransferred to the cool-
ing water, but it is the function of the con-
denser to receive the gas and discharge it at as
low a temperature as possible. The design of
the condenser and its operation should be such

a8 to remove the required quantity of heat
without excessive gas temperatures.

In the operation the effectiveness of the con-
denger may be judged by the kead pressure
indicated on the gage. If the head pressure goes
t00 high, the effects on the system are that less
heat is xemoved from the coldrooms and more

power is required to operate the compressor.
The effect of various high head pressures on
power requirements at various suction pres-
sures may be seen in the zccompanying chart
(fg. 8). For example, when operating at a
25-pound suction pressure, and a head pressure
of 120 pounds, about 1.0 horsepower is required
to remove 288,000 B.tu. per day (1 ton of re-
frigeration) ; whereas, at a head pressure of
195 pounds, about 15 horsepower is, required
for removing heat at the same rate. That is, the
power cost is about 50 percent higher at a
195-pound pressure than at a 120-pound pres-
sure. At the same time, a high head pressure
results in reducing the heat that the system can
handle. This is llustrated in figure 4.

If the head pressure is too high when the
plant is running to capacity, it may be because
the condenser is too small, there is not enough
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Fiquar 3.—Effect of condensing and suction preasures
upon power requirements of  typical ammonia com-
pressor.
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Ticune 4 —Effect of condensing and suction pressures
upon the capacity of a typical ammonia compressor.

cooling water, the cooling water is too warm,
noncondensable gases are present, or the con-
denser tubes are dirty. The water used in the
condenser nspally containg impurities that cor-
rode the pipes and form deposits on them. If
such deposits are allowed to accumulate over
long periods, they interfere seriously with the
exchange of heat.

Type of Condensers

Several types of condensers are svailable,
The purpose of all of them, however, is to ool
the hot ammonia gus, thereby changing it to
liquid. In each the hot gas is circulated through
or around pipea that are exposed to a cooling
fluid, usually water. In a double-pipe condenser
the ammonia is passed through a bank of pipes.
A smaller pipe carrying cooling water extends
fall length inside each section of ammoni
pipe. Several banks of double-pipe condensers
are usually mounted together to give the re-
quired capacity. In a vertical shell-and-tube
condenser the ammonia gas enters the top of a
large vertical cylinder and the condensed liquid
drains off at the lower end. Numerous vertical
pipes inside the cylinder are mounted so that
a film of cooling water runs down the inside of
each pipe. As the ammonia condenses on the

ontside of the pipes, it flows to the bottom of
the cylinder where it is drained off to the re-

eiver.

The horizontal shell-and-tube condenser is
similar to the vertical, except that the shell
is in a horizontal position and the water pipes
carry cooling water under pressure. The water
is vaually passed back and forth through
several tubes in series before being discharged.
In this way its velocity is increased to give
‘more rapid cooling without having to discharge
large quantities of water.

An evaporating condenser has the ammonia
gas puss through coils that are exposed to &
spray or drip of water. At the same time air is
blown through the water spray past the pipes
and causes some of the water to evaporate.
This evaporation keeps the water cool, so that
it can be recirculated, and the only waste is
the water that is evaporated or carried away
in the air blast, This is particularly suited to
conditions Where cooling water is limited or
expensive and where the atmosphere is rela-
tively dry during the time large loads are ex-
pected on the refrigeration machinery.

Where a dry climate or limited supply of
cooling water makes it desirable, the effect of
evaporative cooling may also be obtained with
shell-and-tube or double-pipe condensers by
uging a cooling tower or a cooling pond. In this
type of condenser, the water from the con-
denser, instead of being wasted, is pumped to a
tower (frequently on top of the building) or to
& cooling pond adjacent to the building where
it is forced through nozzles to form a spray.
After falling through the atmosphere, where it
is cooled by the evaporation of a small part, the
water ie recirculated through the condenser,

Another type, the atmospheric condenser,
where cooling is obtained by blowing air over
the condenser as frequently used with small
cooling or freezing cabinets, usually ts not as
practical for larger inetallation. A few of this
type are used satisfactorily where Freon is
nsed as the refrigerant and the tonnage is not
too great.

Gompressor
The compressor, by pumping ammonia from
the evaporator ta the condenser, takes the heat
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that has been absorbed in the coils and, by rais-
ing the temperature, allows the heat to be
carried away by the condenser cooling water.
The rate of heat removal by an ammonia com-,
Pressor running at a given speed depends only
upon the head pressure and the suction pres-
sure at which it aperates; the higher the suc-
tion pressure and the lower the head pressure
the more heat will be removed, If the speed is
incrensed, the rate of heat removal will increase
proportionately, assuming a given set of pres-
sure conditions. It is good practice, therefore,
to operate a compressor at as high a speed as
it design will permit, especially during the sea-
son when warm fruit is being received.

In froft storage the demand on the refrig-
erating equipment is at a maximum for only a
short period in the fall. Much of the capacity
of this equipment ia unnecessary during the
rest of the year. To get the most out of it for
this critical period, while keeping the invest-
ment in equipment at a minimum, it is some-
times economical to operate the equipment at
higher speeds then would be advisable for
year-round operation, Compressors, however,
should be speeded up only after conaulting the
manufacturer regarding the particular ma-
chine. Greater capacity may be obtained in
some slaw-speed compressors by changing the

'ves and lubrication system to permit con-
siderably higher speeds.

The capacity of the refrigerating system
should not be judged by the size either of the
compressor or of the motor installed. The
capacity will depend upon the whole system
and the conditions under which it operates.
Most refrigeration systems are rated either as
tons of refrigeration capacity or horsepower,
Since horsepower is only relative for one con-
dition depending upon the head pressure, suc-
tion pressure, and volume of refrigerant used,
it is not 50 easy to work with as tons of refrig-
eration. Therefore, for comparative purposes
the refrigerating capacity of a compressor is
normally expressed as standard tons when op-
erating with a head pressure of 155 pounds and
a suction pressure of 20 pounds, but the actual
capacity will be influenced by conditions in the
system as a whole that cause variations in
these pressures. The capacity of and power re-
quired for typical ammonia compressors of
various sizes are given in table 5.

For commercial purposes, as stated before, a
pound of ice is considered fo absorb 144 Bt.u.
in melting, hence a ton will take up 2,000 X
144 = 288,000 B.t.u. This is done in 24 hours or
at the rate of 12,000 B.t.u. an hour.

The quantity of heat that a refrigeration
system can remove may be increased or de-
creased by the conditions under which it op-
erates, but no manipulation of air movement
or special stacking of boxes or other adjusf

TABLE 6.—Capacity and power data for typical 2-oylinder ammonia compressors

Typical refrigorating capacity and

Displuce- ‘Power requirements at 166-pound
Siso of eylindor (inches) ment por Speed Sondentr presture and 20-pound
revolution suction © »
12 Raom.
0.024 400
068 87
a1 360
108 360
240 360
268 960
406 360
62 300
500 300
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ment can prevent the accumulation of heat if
it is being Introduced or produced faster than
it is being removed,
Evaporator

The evaporator, or cooling coil, absorbs the
heat from the room. The refrigerant, having
had its load of heat removed in the condenser,
is expanded to a vapor. This expansion, or
evaporation, under low pressure, reduces the
gas temperature to such a point that it is ready
to pick up more heat from the coldroam. This
is done by direct expansion coils in the room or
by air circulated from the room through a bank
of cofls or finned surfaces. Here, as in the con-
denser, conditions should be such as to permit
the heat to flow with as little temperature dif-
ference as possible between the gas and the air
in the voom. If there is not sufficient cooling
surface, if the surface is covered with frost,
or if other factors retard the heat flow, the gas
would have to be extremely cold. This would
mean a low suction pressure, which reduces the
capacity of the compressor. At low pressures
ammonia gas is less dense, and the smaller
quantity of gas drawn into the compressor at
each stroke results in lower refrigerating
capac

That the capacity of a typical compressor is
increased markedly as the suction pressure is
raised is shown graphically in figure 4. For
example, at 140-pound head pressure and at &
suction pressure of 24 pounds, the compressor
delivers 9 tons. An increase of 4 pounds in

suction pressure changes the capacity of the
same machine to 10 tons. If by increased coal-
ing surface or careful operation the pressure
could be increased to 86 pounds, about 12 tons
of refrigeration would be obtained, or a gain
of 88 percent. Similar changes in suction pres-
sure in an ammonia machine of any size would
mun in approximately the same percentage

increase in capacity. Ample evaporator coil
surtace wil permit the cooling to be done with-
out excessively cooling the air that touches the
coils. The results of cocling the air to low tem-
peratures are shown in tal

In more recent developments a number of
overhead evaporators with proper propeller
fans are hung in the truss spaces above the
center aisle. These evaporators are arranged
80 that the cold air is circulated from the center
of the building overhead to the sidewalls then
down and back through the stacks of pallet
boxes to the center aisle and up to the evapora-
tors to be cooled and recirculated. Aspiration
of room air into the cold air stream from the
evaporators is considerable before the nir starts
its passage through the fruit stacks. In this
way, the total quantity of air in motion is very
large and the change in temperature in passing
through the evaporator and fruit is quite small,
Resiatance through the unit is low, and there
18 no duct resistance.

Large quantities of air can then be circulated
economically throughout the room. Thia method
is considerably easier than civeulating air

TABLE 6.—Relation of eoil-room temperatures to relative humidity in storage room

Tomperaturo to which

Maximum relntive humidity when tho temperature (* F.) fs raised to—

air fa chilled (* F.)
8 2

800 8 s 96" a8 40

Percent
o

Peromt  Porcent Porcent
02 67 52

Percont Perosnt Percont Percont Parcent
7 43 40 8 38

62 48 m 30

3 57 68 49 80

3 ] 58 64 4

8 6 04 5 8

88 7 o 64 6

91 L 7 8

100 01 84 8 o
— 100 92 86 0
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through ducts from one unit. The horsepower
Per cublc feet per minute (c£m.) of air cir-
culated in the overhead system is about one-
half that needed with the large unit and duct
combination. Large evaporator surfaces can
be obtained at low cost as the design of these
cooling units is standardized and mass pro-
duced,

These units should have from 250 to 800
aquare feet of fin and tube surface per ton of
refrigeration (T.R.). The quantity of air to be
cireulated through the units should be about
1,500 c.f.m. per T.R. (14).

Choice of Refrigeraat

Requirements for a good refrigerant are
ability to absorb a large amount of heat per
pound handled, low temperature at pressures
auitable for evaporation, high temperature of
vapor at moderate-compression pressure, little
danger of ignition of leaking gas at working
temperatures, and low cost.

For large installations, ammonia is the re-
frigerant most commonly used. Ammonia has
the highest heat absorption, but if leaks ocur,
it will injure fruit and it is dangeroua. It is also
flammable. Ammonia may attack copper also
and brass, especially If water is present. At
standard atmospheric pressure, ammonia bolls
at —28° F. and Freon -12 at —217°,

Comparison of heat of evaporation absorbed
per cuble foot of refrigerant at & degrees Is
wiven below:

Ammonia
Freon .

694 Bt
46,65 Bu.

Choice of a refrigerant becomes a matter of
which fa most important—heat capacity, low
condenser pressure, moderately high evapora-
tion presaure, freedom from hazard, or cost of
material—and which will give best economy
under the working requirements of the syatem.
Freon is nontoxic, nonirritating, and non.
flammable. It i chemically inert at ordinary
temperatures and thermally stable up to
1,022° F. At higher temperatures, it decom.
poses, forming with oxygen, hydrochloric and
hydrofluoric acids, carbon dioxide, and phoa-
gene. The last mentioned is dangerous when
even 26 p.p.m. are mixed with air (33).

Cold-Storage Rooms

Cold-storage rooms for apples and pears, to-
day, generally are designed with unit coolers
located overhead in the truss space near the
center of the building. In small rooms unit
coolers can be installed overhead along the wall
on one side of the room.

In old storage plants for apples and pears
where ceilings were low, cooling was accom.
plished by (1) placing refrigeration pipes an
the ceilings and (2) circulating cold air
through the rooms. The first method is the
direct-expanaion system, though sometimes
cold brine was pumped through the pipes from
a brine cooler. The second method was the
brine spray which flowed over a bank of cooling
colls,

Fruit will kéep equally well under any of
these systems, providing they are installed so
that cooling will Be equally fast and tempera-
tures kept uniform, with atmospheric humidity
at about 85 percent,

The popularity of the unit-cocler aystem is
its economy and ease of installation. Another
feature is that it can be installed overhead in
the truss space, saving storage space.

In today’s storage rooms the use of pallet

oxes to store fruit and forklift trucka for
handling the pallet boxes has necessitated in.
creasing the overall height of these rooms.

For a complete discussion and presentation
on cold storages, see “Apple Packing and Stor-
age Housea—Layout and Design” (14).

Direct-Expansion System

In direct-expansion rooms, that is, where
cold ammonia is circulated in exposed pipes
near the cefling, the air In contact with the
coila become cold and, being denser than warm
air, moves downward. As it picks up heat from
the fruit, it rises to the pipes to be again cooled.
This gravity cireulation, caused by differences
in air temperatures, results in heat movement
by convection. Alr velocities in such currents
ave relatively low, but take place in all parts of
the room if the pipes are well distributed over
the ceiling and produce fairly faat cooling. To
dispose of the accumulated frost or condensed
water, the pipes are uanally put in groups or
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banks and gutters are hung under them to
cateh any drij

In rooms where large areas of the ceiling are
without cofls, direct expansion alone cannot
cool the fruit very promptly and the tempera-
ture in various parts of the room may differ
markedly, even after the fruit has cooled to its
final temperature, In these rooms, use of either
portable or permanently installed fans operat-
ing in the room to stimulate air movement will
tend to make the temperatures more uniform.
Fans installed to give a positive air movement
will give even better results. Fane blowing di-
rectly over the cooling pipes are effective in
reducing both condensation and the danger of
Tocalized freezing of the fruit.
Brine-Pipe System

To avoid all possibility of accidental lelknge
of ammonia from the cooling system
storage vooms, the cooling pipes are sometimes
designed for carrying cold brine. The brine is
cooled in & separate brine cooler and circulated
by pumps to the various rooms. Other ad-
vantages of this method are that temperature
control is simpler than in a direct-expansion
system and a reserve of refrigeration is avail-
able in the cld brine to carryover short periods

of shutdown. This system, however, is more
costly than direct expansion, and for this rea-
son it s not commonly used in fruit districts.
In comparison with an air-circulation system,
brine pipes otherwise have the same advantages
and disadvantages as a dircet-cxpansion sys-
tem. A brine of caleium chloride instead of
common salt (sodium chloride) may be used
for this type of installation. Data an the density
and freezing points of sodium chloride and
caleium chloride brines are given in table 7.
Dry-Coil Bunker System

Tn the dry-coil bunker system of cooling, the
ammonia coils are put in a separate room or
bunker and air from a large blower is passed
over them, then distributed through ducts into
the storage room, If large quantities of air are
used, prompt cocling and even temperatures
may be abtained. The problem of accumulation
of rost on the pipes remains, although disposal
of the water and frost without damage to the
fruit is simpler than under direct expansion. In
some_installations the pipes are defrosted
periodically by spraying with brine or warm
unselted water. The blower is stopped while the
defrosting is taking place. In other plants de-
frosting s done by pumping hot ammonia into

TABLE 7.—Data on sodium chloride (NaCl) and caloium chloride (CaCl) brines*

Specific Per 100 pounds
ravity of brine Freezing point Density per gallon
NaCI® Gacl NaGl CaCl Nacl Gt
Pounds R
o 20
a7
02

* From 1066 and 1967 Guido and Data Books (1).
* Common sal
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the coils, Dry-coil hunkers have been replaced
with brine-spray systems in more recent in-
stallations.
Brine-Spray System

In the brine-spray system of cooling, air
from a large blowsr is moved over banks of
ammonia_cofls that are continually heing
sprayed with a solution of salt in water. So-
dium chloride (common salt) is generally used
in these systems. The salt prevents accumula-
tion of frost, and the fine spray, being in in-
timate contact with the air, cools It effectively,
A far smaller bank of pipss can be used than
in a dry bunker, and cooling can be done with
a higher ammonia temperature, After cooling,
the air s distributed to the storags rooms.
When a continuous brine spray s used, baffas,
or eliminators, are neaded in the air stream to
prevent, particles of brine from being carried

in the air into the storage rooms. Treating the

brine with chemicals, as recommended by
equipment manufacturers, is necsssary to re-
duce its tendency to become unduly corrostve,
Because eliminators increase the resistance to
airflow, and brine tends to cause corrosion, the
overhead unit cooler system has replaced brine-
spray chambers,
Unit-Cooler Systemt

A modification of the brine-spray or the dry.
coil bunker is the unit cooler. This type of
cooler containg extended surface coils and
blowers for moving the air through the coils
and dischargiog it into the room (figs. b and
6). Some of these coolers are defrosted by
washing the coils periodically with fresh water
to remove the frost. Warm water from the con-
denser is generally used for this purposs. Some
coolers have a hot-gas defrost, while others ars
defrosted by heating the units with an slec-
trical element,

s

Fi0URS 5—Rear view of o three-fan unit cooler,
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F1oune 6.—Looking up at unit coolers, pipes, and catwalk

‘These units usually discharge air hovizontally
by the use of one or more fans forcing the air
through the coils, The cold air flows over the
top of the stacks of fruit then down through
the rows and back to the unit cooler to be re-
circulated.

Dofrosting is intermittent, but should be
done as often as necessary to keep the coils
fairly fre from frost. A thin layer of frost not
only interfercs with heat transfer just as on
other types of coils but also reduces the quan-
tity of air circulated because of the close spac-
ing of the cooling surface,

Atmospheric Moisture

The humidity, or moisture content, of the
atmosphore in a storage room depends largely
upon the temporature to which the air s cooled
in contact with the pipes or the brine.

1t doors to the storage room are left open in

216
Ioeated overhesd In the center of & cold-storage Toom.

warm weather, the warm air entering the stor-
age may be a source of moisture but the frost
on the pipes or the overflow in the brine tank is
lavgely from water vapor transpired by the
fruit, This transpiration should be kept at &
minimum by maintaining a relative humidity
of approximately 85 percent. Maintaining this
relative humidity may be done by limiting the
quantity of water picked up on the colls or in
the spray. Some moisture in the form of gas or
vapor is contained in the atmosphere. The
lower the temporature, the less the quantity of
vapor that can be held. As the temperaturo of
the air drops, & point is finally reached at which
some of the water can no longer exist as vapor
and it condenses to form water or frost. The
greater the temperature drop, the greater the
consequent condensation.

Therefore, operating the cooling system
without reducing the air temperature lower
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mn necessary is essential, In an air-circulation
m, this is done by using large quantities
o air and plenty of cooling surface. If too little
air ie used, its temperature must be reduced
eatly and, as a result, excessive condensation
w|ll occur. If there is not enough coil surface
a direct-expansion system, the pipes will
have to be extremely cold and the air coming
in contact with them will lose a large part of
its moisture. Contrary to common belief, a
brine spray, when used for cooling, does not
add humidity to the air but tends to pick up
moisture. For this reason some of the brine
must be drained off occasionally and more salt
added. If & brine-spray system resulted in
higher humidity than a_direct-expansion or
dry-coil bunker system, it had removed less
molsture than the othera. The reason for this
is that the cooling surfaces with which the air
comes in contact are not as cold as when brine
coilg are uset
Tn well-designed and well-filed cald-storage
plants, maintaining desirable conditions of n.
maspheric humidity during the greater part
the storage season s not diffioult. If the rlative

compressor with higher back pressures, then a
humidifying apparatus should be installed even
though it throws moisture into the atmosphere
only to be taken out on the evaporating coils.
The humidifier is constructed on two prin-
ciples: One is that of an atomizer; the other
is that of vaporization of water by heating. The
use of the last-mentioned principle avoids the
danger of freezing where air temperatures are
below 82° F,

Circulation of Air

In all plants the temperature usually varies
in different parts of the room. This variation,

owever, should be kept at a minimum. The
equalization of temperature in all parts of the
raom depends almost entirely on circulation of
air, either by gravity or by forced draft.
Gravity cannot be depended upon for Adea\me
circulation unlese the whole ceiling area
flooded with cald air or is provided with caal!ng
coils.

As the air ciroulates in a storage room, it

picks up heat which raises its temperature. If
the air is not picking up heat, it is not doing
any good. The air returning to the brine spray
or unit coolers is therefore warmer than that
leuvmg. The difference in temperature between
and return is often referved to as the
pm, and this is directly related to the vol-
ume of air circulated and the quantity of heat
picked up in the room. If the split is too large,
the only way to reduce it without cutting down
the heat picked up is to increase the volume of
air circulated.

For each ton of refrigeration used, an air
volume cf 1,000 ¢.£.m. results in a split of about
10°F', which becomes less as the water tran-
spired by the fruit condenses on the coils. This
velation applies to any combination of vefrig-
eration used, to the volume of air, and to the
resulting split. For example, if 1,000 c.fm, of

air is used in picking up the heat equivalent to

2 tons of refrigeration, the split will be about
20°; or if 2,000 ef.m. gives a aplit of 67, about
1 ton of refrigeration is being supplied.,

Usually, air-circulation systems are designed
80 as to provide for about 1,000 c.fm, per tan
of refrigeration capacity. For example, a 25-ton
plant would circulate about 25,000 c.f.m. This
volume gives a split of about 10° when the
machinery is working at full capacity. After
the fruit has been cooled and some of the com-
pregsors are shut off or slowed down, the same
volume of air will result in a lower split, When
the refrigeration load is down to 5 tons and
25,000 c.fm. is still used, a eplit of about 2°
will resuit. Here, a variation of at least 2° may
be expected in fruit temperature in different
parts of the room. With lees air volume, the
variation will be greater.

Thermocouples
In large plants certain parts of the cold-
storage rooma are often inaceeasible and tom-
peratures cannot be taken with ordinary
thermomsters. Here, thermocouple equipment
is useful. The wires of this instrument may be
strung from the center of piles where actual
fruit temperatures are desired and readings
made in aisles or in the compressor room.
‘Thermocouple equipment suitable for cold-
storage use is llustrated in (fig. 7). The core
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Froums 7—thermocorsle oastpment fox roing et
temperaturos nt ramote ports age rooms.
T witen may e et e roptng ing temporatures
at a central point or the rending inatrument may be
carried from room to room. Caution should be used
s some Instruments do not rend accurately when
the aimbient temperature g loss than 45° F.

temperatures of the fruit may be read at any
time during the storage season. When warm
spots are located, more air can be directed into
them to cool the fruit.

thermocouple consists of two dissimilax
metalic wires fused or joined together at one
end. This junction is sensitive to temperature
changes and generates a very small voltage
which varies as the temperature changes, The
voltage can be read with a small- instrument
(known as a potentiometer), and the tempera-
ture at any particular point dotermined. See
appendix on how to construct a thermocouple.

Reqnired Capacity of Refrigeration System

orage season may be divided into two
d(sl.hwl. pemds, The first is during the harvest,
when warm fruit is being put Into the plant.
‘The principal problem at this time is cooling
the fruit, or removing the field heat, The second
period is the holding period, when the main
problem fs maintaining low temperatures as
uniformly as possible, The heat load during
this second period is relatively low, consisting

of the respiration heat generated by the fruit,
the heat entering through the walls, and heat
from workmen, power cquipment, lights, air
entering from outside, and other incidental
sources,

With use of pallot boxes for handling apples
and pears into the cold-storage room, additional
cooling requirement was placed on existing re-
frigoration equipment because of the speed
with which the frait could be brought into the
storage raoms.

Capacity of the cold-storage room was in-
creased about 20 percent when pallet boxes
were used instead of pallet loads of the atan-
dard wooden baxes (13)

Nature of Heat

A disoussion of the heat from various sources
that has to be removed by a refrigeration ays-
tom is more or less technical and jncludes terms
that may not be familiar to all readers. Tho
discussion is not difficult to follow, however, if
one keeps in mind that heat is just as real as air
or water. It can be moved from one place to
another, but it cannot vanish completely. If
heat is taken from one place, the same quantity
must show up somewhere else. For this reason
we can think of units of heat as quantitics that
have @ definite meaning, just as we think of
gallons of water. The fmportant thing jo re-
member is that a British thermal unit
Gefnie quantity of heat that can be pushod
avound or divided up, but it still exists some-
where.

The capacity of the cooling system required
for a given job depends upon how much heat
must be removed each day. In apple and pear
storage this heat comos from several sources,
each of which can be considored separately.
The total load is the sum of the heat from all
sources.

Field Heat

When fruit is placed in storage, its tempera-
tuve is ordinarily higher than that desired. The
heat to be removed in cooling it to the storage
temperature is called feld heat. About 0.9 B.t.u,
is mecded to change the temperature of 1 pound
of apples by 1° F.8 If the temperature must be

“This quentity of heat fs known as specific heat
(sp. ht.) for applee,
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reduced from 65° to 32° for example, the
change fs 83°, and for every pound of apples
29.7 (0.9 X 88) B.t.u. must be removed, On the

tons, 1,485,000 B.ta. of field heat are intro-
duced in the storage room. If the fruit is cooler
or warmer, the heat load will be correspond-
ingly lesser or greater.

Heat of Respiration
Fruit continuea to live as long as it i fit for
food. It ia therefore continually generating
heat by breaking down some of its constituent
mberxale Bartlett pears or peaches starting at
in a nonrefrigerated, well-ventilated
room pxoh-bly would veach a temperature of
85° to 90° after 4 days and might go even
higher. Kieffer pears and grapes produce heat
more slowly and probably would not warm up
to above 65° or 70° under the same conditions.
Storage varieties of apples would very likely
be iutermediate between these two groups. One
can easily see that if Bartlett pears or peaches
were not refrigerated they might become
worthless within a week, even if they did not
suffer from decay.
The rate at which this heat is generated de-
pends upon the fruit temperature. At 32° F. a

box of applea gives off about 20 BA.u. each day. -

At 60° the figure is seven or cight times as
great. Prompt cooling therefore reduces the
total quantity of heat to be removed from a
storage room. If a packed box of apples iy
cooled from 65° to 35° in 1 week, its heat of
respiration during this period is estimated to
amount to about 500 B.t.u.; for 1,000 boxes the
heat load would be 500,000 Bt.u, which is
about & third as much as the field heat load, If
cooling is so slow that 2 weeks are required to
reach 35°, another 500,000 B.tw. will have
been generated. Even after apples are codled
to 82°, they cantinue to give off heat. Each
1,000 boxes gelmates about 20,000 B.tu, per
day at this temperature, Thus, 1 ton of re.
frigeration (ramovn] of 288,000 B4.u. per day)
will handle the heat from about 14,000 or
15,000 boxes after they are cooled. The ap-

proximate refrigeration required for cooling
and storing apples if 1,000 boxes are received
daily and the fruit is cooled to 32° in 7 days
follows

Initial temperature (* F.)

Tona of rofrigeration
4

88
Z108

* Allowance for open doors, workmen, moto»
other incidental source of heat may incronse
quirement by 15 to 20 percent.

Incidental Heat Sources

In addition to the fruit itself, other sources
of heat are from workmen, motors, boxes or
pallet boxes, and lights. Each workman is as-
sumed to give off 1,000 B.t.uw. per hour. The
beat from motors can be estimated at 3,000
B.t.u. per hour for each horsepower. Each 100-
watt light burning adds about 350 B.tu. per
hour.

Air Infiltration

There are always times when outside doors
or conveyor ports must be left open, and in
some rooms the doors are open almost con-
tinuously during the harvest season. Outside
air entering the coldroom may carry in large
quantities of heat. Under ordinary conditions,
estimating very accurately the heat load thus
added by infiltration of air is impossible.

If we assume that a draft having a velocity
of 200 feet per minute (f.p.m.) is leaving a
coldroom at 86° F. through the lower half of
a doorway 4 feet wide and 7 feet high and an
equal current of dry warm air at 65° is enter-
ing the upper half, the quantity of heat enter-
ing the room can be estimated; 200 f.p.m. is
about 214 miles per hour and is not a very
noticeable velocity. Under these conditions,
however, 100,000 Bt.u. per hour would enter
through the apen door. If the air were not very
dry, the quantity would be even greater and
would keep an 8-ton machine busy just to re-
move this heat,

At best, open doors permit a large entrance
of heat, or loss of refrigeration, and prevent
holding low temperatures in the Where
forklift trucks are used and full-sized doors are
left open, the use of light-t uwInsz dom'n that
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close after each truck has passed or air-curtain
doors (21) will veduce the loss of refrigeration,
Air Doors

Since the publication on air doors was re-
leased in 1961 (21), air doors are used almost
exclusively in cold storages for fruits.

Several types are available, but the two
mainly used are the vertical airflow curtain
nonreturn type and the horlzontal airfiow re
circulating type. Air doors prevent warm ai
from fltering into the cold-storage rooms when
the main doors are open, thus saving refrigera-
tion for cooling the fruit.

Alr doors are only partly effective in reduc-
ing this air infiltration, but a well-constructed
air curtain should be from 75 to 90 percent
effective against the air interchange.

Heat Passing Through Insulation

Even when there is no infiltration of air
through doors, windows, or cracks, heat still
enters through the walls, floor, and roof when
the outside surfaces are warmer than the in-
side. The quantity of heat entering through the
walls may be reduced by insulation, which
slows the passage of heat by resisting its flow.
The resistance depends upon the character of
the insulating material and ite thickness. A
comparison of the effectiveness of various in-
sulating mate can be made by showing
thicknesses that will pass equal quantities of
heat under similar conditions.

In many apple and pear cold storages, in-
sulation equivalent to 4 inches of cork is used
for ingulating the walls, The thickness of vari-
ous other materials used to insulate the walls
should have a heat-flow resistance equal to 4
inches of cork., When more than one material
appears in the cross section of a wall, the total
insulating value of the wall is the sum of the
values for each of the parts.

Frequently in constructing storages, air
spaces are provided between the various sec-
tions of the wall. These spaces tend to hinder
the flow of heat, Unless reflecting surfaces are
used to line the spaces, however, it would take
three to four spaces each at least %, inch thick
to be equivalent to a 1-inch thickness of shav-
ings. The structural materials in a wall act as
insulation, but usually some ave not of much

value in retarding the heat flow, A 12-inch
conerete wall, for example, adds about as much
ingulation as % inch of cork. One thickness of
Ha-inch fir board is almost equivalent to %
inch of cork, provided the cracks are closed
tight,

‘The quantity of heat passing through a wall
with 4 inches of corlk depends upon the tem-
perature difference between the two sides,
When the temperature is 65°F. outside and
82° ingide, each 1,000 square feet of such a
wall may be expected to permit tho passage
of about 48,000 B.tu. per day. That is, 6,000
square feet of such a wall will permit the loss
of about 1 ton of refrigeration per day. Ap-
proximately the same quantity would be passed
by equal areas of the various materials if their
total resistance were equal to 4 inches of cork.
For walls twice as thick, the heat flow would
be only half as great; for a wall only one-third
as thick, three times as much heat would pass

o
In fill insulation, such as shavings, sawdust,
and redwood-bar fiber, and rackwoal blown in,
the resistance is infiuenced by the density of

packing. In vertical walls, especially, such ma-
terial must be packed tight otherwise settling
will ocour and leave spaces unfilled after the
wall is closed. In these comparisons of various
materials, all the materials are assumed dry.

Moisture in eny of these materials reduces
their effectiveness and will cause some to rot.
All should be installed so as not to accumulate
moisture. Moisture condenses on surfaces
cooler than the air but not on those that are
warmer. The insulation material in a wall or
roof is usually colder than the outside air. The
insulation should be protected, therefore,
against the outside air by applying a barrier on
the outside of the wall insulation against water
vapor, Some barriers used are asphalt, vapor-
proof paper, polyethylene film, or aluminum
fofl. A barrier is not necessary on the inside,
since a wall seldom picks up moisture from
the inner, or cold, side. In fact, any moisture
that may be present in the insulating mateial
tends to leave the wall and condense on the
cooling coils inside the room. For this reason,

vapor barrier on the inside of an insulated
wall may do more harm than good.
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Floors

Many apple storages do not have insulation
in the floors. For the first few days of opera-
tion, the heat transfer through the floor will
be excessive. Storages without insulated floors
should have the refrigeration operating for
about a \veek or 10 days before loading starts;
whereas, a storage with insulated floors can
start memng fruit after the refrigeration has
operated for 3 days. The annual cost figures
show that where ground water level is at least
11 to 12 feet below the floor, satisfactory per-
formance may be expected at a lower cost than
if insulation is used. Tn these storages, a
Dreaker strip will pay for iteelf.

Testa of uninsulated floors have shown that
a heat leakage rate of 1.0 to 1.68 Biu. per
hour per square foot in the uncovered areas
existed when the water table was below 11
feet and the storages had been operating for
several months. When the storages are first
started up in the fall, the heat leakage rate may
be 2 high as 20 to 25 B.u. per hour per square
foot (2

Where refrigeration is supplied to maintain
low air temperatures in the upper part of the
room, the temperature of the fruit resting on
conerete floor will be kept somewhat above

Field heat (apples and pallet boxes)

Apples: SB”F (reduction) X 0.9 specific heat (sp. ht.)

um because of conduction from the

ground through the concrete. It is as desirable

to provide a space bencath the frujt as between

the fruit and the outside walls. For this reason

the fruit stacks should rest on floor racks or

pallets to permit the cold air to circulate be-
them.

Caleulating Refrigeration Requirements

In calculating the refrigeration requirements
of a cald-storage plant, all sources of heat have
to be considered. A typical example follows.

Desired to refrigorate 35,000 boxes of ap-
ples, to be picked and received over a period
of 10 days. The fruit to be cooled from 85° to
82° . in not more than 7 days. The storage to
have a veceiving capacity of 4,000 loose boxes
or 158 pallet boxes per day. Average outside
wall temperature is 65° I\, the ground tem-
perature 55°, and the roof temperature 75°,
The storage room size is 60 x 80 feet and a cei
ing height of 18 feet for a volume of 86,400
cuble feet. Walls and ceiling to be insulated
sufficiently so that the heat loss will not exceed
% of 8 Btu/br/sq. ft. or 2 B.tu/hr./sq. ft,
Floor heat loss not to exceed 2 B.tu./hr./sq. ft.
(26).

29.7 Btn./lh,

X 40 (box wt.) X 4,000 boxes per day = 4752000 Btu/day
Pallet bnxea Specmc heat (sp. ht.) wood is 0.50 B,
pallet boxes per day X 140 (hox wt.) X 0.50 (sp. ht. of

wund) X 88° F. (reduction)

Heat of respiration

= 863,80 B.t.u./day
Total = 5,105,430 B.tu./day

Apples: While coaling from 65° to 32° F. in 7 days, the apples will
gencrate 21,000 B.t.u. per ton. 4,000 boxes daily = 80 tong

of apples 80 X 21,000

Building heat loss
Floor: 4,800 sq. ft. X 0.087 x 24 x 23¢
Walls: 5,040 sq, t, X 0.060 % 24 % 33°
Roof: 5,200 sq. ft, X 0.0465 x 24 X 83°

= 1,680,000 B.t../day

230,515 B.t.u./day
239,500 B.t.u./day
191,505 B

Total 661,520 B tu./day
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Incidental heat
Fans: 4 hp. X 3,000 x 24

= 288,000 B.t:u./day

Infiltration, workmen, utc 288,000 B..u. per 1,000 baxes

received/day X
Forklifts: 35,000 B.tu, /m, X 8hr, X2

Summary

Field heat:
Heat of vespiration
Building heat loss
Incidental heat
Total ..

Refrigeration required

288,000
Estimate: 35 tons required

The grentest demands for refrigeration come
from field heat and heat of respiration, which
ave divectly related to the volume of fruit being
received and cooled each day during the peak
of the harvesting season. To cool this fruit
promptly for late keeping, it is essontial to
have this reserve of refrigeration for a com-
paratively short time. After the receiving sea-
son, when the fruit has been cooled to 32° I,
the heat of respiration from 35,000 boxes of
apples would require only 2.5 tons of refrigera-
tion, and this added to building-heat leakage
and heat of motors for fan and forklit trucks
would demand only 7.7 tons of refrigeration.

446,950 B.t.u./day = 32.8 tons

1,162,000 B.t.u./dey
560,000 B.t.u./day

Total = 2,000,000 B.tu/day
B.tu/day Percent
- 5,105,480 540
1,680,000 178
661,520 7.0
2,000,000 212
9,446,950 1000

As the weather becomes cooler, the building-
heat loss is veduced, resulting in still smaller
refrigeration demands. In climates where day
temperatures range from 55° to 75° during the
harvest season, the refrigeration requirements
may be roughly estimated at 8 tons for each
1,000 bushels (packed boxes) reccived into
storage daily, in addition to refrigeration
needed for building-heat loss and heat from
motors. I the quantity of fruit is measured in
fleld boxes, the requirement per 1,000 is about
6.5 tons, instead of 8, since the field boxes con-
tain about 165 pounds less fruit than packed
boxes,

COLD-STORAGE DESIGN

In planning a cold-storage plant, efficient re-
frigeration of the fruit should be considered
first, followed by an efficient and economical
method of handling the fruit. These require-
ments do not always permit the lowest cost in
construction and operation. An insulated build-
ing in the form of a cube—dimensions cqual
for length, width, and height—represents the
minimum requirements for materials in wally
and the least outside exposure for heat trans-
fer, Buildings of different dimensions, however,
usually are mecessary for the practical con-

siderations of receiving, shipping, segregating,
and stacking the fruit and for the efficient uso
of labor. Layout and design will be influenced
also by other factors, such as precooling re-
quirements. For a complete study of building
Tayout and design, see reference (14).

Precooling
Precooling is usually spoken of as a special
process for the rapid removal of heat from a
commodity before transportation, The term s
used also in some fruit districts to denote rapid
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heat removal preliminary to stacking in stor-
age or even as a cooling before packing. The
principles of rapid heat removal are the same
regardiess of later disposal of the frult.

Probably the most effective present method
of precooling is to stack the fruit in rooms in
which a large volume of cold air is circulated.
In large plants more than one coldroom is de-
sirable, so that temperatures in one part of the
storage in which fruit is being held at optimum
storage temperatures may not be influenced by
the temperatures being used in the precooling
rooma.

For efficient precooling, the rooms should be
50 designed that the cold air will have a posi-
tive flow between the stacked containers. The
more rapid the circulation and the colder the
air, the faster the heat will be removed from
the contents of each container. For these rea-
sons the circulation syatem should be planned
for the free movement of air in large volume
through the fruit stacks, rather than having it
dispersed about the room from circuitous ducts
and from small duct openings that tend to
greatly restrict the air flow and to prevent it
from having the fullest sweep over the surface
of the containers,

Capacity and Height of Rooms

Alhough many small rooms are advan-
tageoua for precooling, large rooms may be
used to good advantage for the storage period.
Usually, cooperatives and large shippers have
their storage space divided into at least four
vooms for flexibility and expediency of opera-
tion, For instance, for apple and pear storage
one room may be held at 36° F. for apples
susceptible to soft scald or for fruit intended
for early markets, and one room may be hald
ata constant temperature of 30° to 32° for the
long storage of both fruits. The other two
rooms, then, can be used for rapid cooling or
for storage at different times in the season,

Storage rooms are generally one story to
facilitate lift track handling of fruit. The
trusses and walls should be high enough to
allow stacking pallet boxes eight high. A clear-
ance of 21 feet under the trusaes allows ample
voom for stacking. In the larger storages more

height is required as pallet boxes are occasion-
ally stacked 10 to 11 high.

The doors are usually 8 feet wide by 10 fect
high to accommodate lift trucks.

To prevent excessive loss of cold air from
the rooms, air-curtain doors are provided.
These doots operate automatically when the
main vefrigeration doors are left open. For
discussion of air-curtain doors, see reference
(21).

Layout of Rooms

The plant sheuld be so laid out that facilities
can be expanded if needed. The position and
shape of the rooms for receiving and shipping
should be carefully designed so as to avoid

ita position must be such that loose fruit can
be brought to it direct either from the orchard
or from storage rooms, The packing room
should not occupy space that otherwize could
be used for cold storage nor obstruct fruit de-
liveries to the cold-storage plant.

ince the compressor room is a source of
heat, placing it at one side of the cold-storage
building (14) climinates the cause of a warm
&pot. This location also makes machinery more
accessible if it has to be replaced and leasens
the rigk of loss of machinery if a fire should
oceur, or of damage to the fruit if ammonia
leaks occur in the compressor room.

Fans and Ducte
The efficiency of a refrigeration system de-
pends to a great extent on the effective move-
ment of heat from the fruit to the evaporation
coils. The fans should move the greatest possi-
ble volume of air at the amallest possible cost
of power. Two reasons for keeping the fan-

(1) the fans operate over a long period in the
year, so that any reduction in the cost of power
to drive them is an important item and (2)
the power used on the fana add heat to the
circulated air, thus adding to the refrigeration
load and reducing the useful capacity of the
refrigerating machinery. Each horsepower
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used on the fun puts a load of 0.2 to 0.3 hp. on
the compressor motor.

Having a fan of lower capacity than neces-
sary to circulate the required volume of air is
false economy, whereas true economy Is having
fans and ducts so designed as to move the re-
quired volume of air with the least possible
power. Many plants are handicapped by having
a fan too small or ducts with too much air re-
sistance which increases the power required.
For this reason installing an effcient fan hav-
ing the required capacity at a moderate speed
pays off. Where one fan is used, the fan motor
should have more than one pulley, so that the
speed of the fan may be reduced after the fruit
has been cooled, provided the split between the
deliverad and returned air can be kept down
to 15° F. at the slower spee

TFans are rated at free dellvery and at a
definite static head pressure. To avold over-
loading fan motors, the fan load at the speed
it will run should be thoroughly investigated.
1If the speed of a fan is doubled, the quantity
of air that it will deliver will also be doubled.
The static pressure at which the fan will op-
erate will be four times as great. But the horse-
power requlred to drive the fan will be eight
times as great.,

1f we let hp. = horsepower, N = speed, Q
= volume of air, and P, = statlc pressure then
we have the following equations:

Na (0
= W

Na @)

B

)

Increasing the speed of a fan to get more air
clrculation s at the cost of more power for
every cubic foot of air circulated. For best
efficiency, fans should be run at their rated
Toad and specd.

Renistance in Air Ducts
The design of air ducts has an important
bearing on the volume of air that can be cir-

culated by a blower, the volume circulated be-
coming less as the resistance in the ducts
increases. The resistance to airflow Is greatest
in parts where the velocity is high and where
the air changes velocity or direction. Air ducts
are little used in present day cold storages ex-
cept In reversed aitflow systems and in some
older installations, Therefore, ducts will be dis-
cussed from this point of view.

Alr flows like water, and abrupt changes in-
duce turbulence and eddies that increase the
resistance. Abrupt changes in the area of ducts
and unrounded turns should be avoided. Even
in rounded turns the flow of air is accelerated
by curved splitters (figs. 8 and 9) that aid the
alr in making the turn with a more equal
velocity over the entire face of the duct. Thus,
dividing the air stream at turns prevents pil-
ing up pressure against the outside face of the
turn and reduces turbulence,

The inside of the ducts should be free of
obatructions and as smocth as possible. Large
ducts are preferable, because they permit de-
livery of the required volume of air without
excessive velocities. Ducts that are too small
in cross section or cause abrupt turns in the
air streams build up a resistance that results in
high power consumption and inefficient cir-
culation.

Unless the air passes through the body of the
stacked fruit, the maximum quantity of heat
i5 not being removed.

Spacing Air Ducts

The distance between the delivery and the
return openings is dependent upon several con-
ditions. The temperature of the air leaving a
storage room is necessarily warmer than that
entering it from the delivery ducts, although
this temperature difference should be small,
The larger the volume of air circulated, ths
less this temperature difference will be. In fact,
in a given room from which a certain quantity
of heat is being removed, the temperature dif-
ference is determined almost entirely by the
rate of air cireulation, in cubic feet per minute
or in afr changes per haur.

The method of distributing the circulation
has no direct effect on the temperature rise fn
the air unless it affects the volume circulated
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or the quantity of heat picked up. Since the
temperature of the air leaving the room is
dependent upon the volume circulated, the dis-
tribution within the room or the relation be-
tween discharge and return openings can be
adjusted to the requircments of the specific
room, bearing in mind the necessity for having
the warmest air in the room enter the veturn
and the desirability of haviag relatively high
velocities to keep the fruit temperature down
as nearly as possible to that of the al

The greater the distance of air travel be-
tween delivery and return openings the greater
muat be the velocity.¢ One advantage of higher
velocities within a room is that locations that
might have been high-temperature pockets are
swept by moving air, and warm air that tends
fo accumulate in these pockets is carvied away
to the cocling coils. These higher velocities also
take the field heat ont of warm fruit faster
than relatively still afr.

When the distance between delivery and re-

Air velocity and air volume although sometimes can-
sidered different expressions of the samo thing are not.
extreme case, for oxamplo, n Jong, narvow room,
nbout 10 X 100 feet, oo

culated through thie room, which

it 10 feot high ang

hos a volume of 10,000 eu. t. 1 1,000 etm. of ir is fo
bo clreulated thraugh thia room and it moves from

one sida to the ther, its avornge veloclty will bo 1
£ pam. It, on the other hand, it moven from one cnd to
ime will move throngh tho room

required depends upon
moved and the tolerablo
iperature betwoen delivery nnd exhaust
air. It is uneconomieal to deliver to n largor volume thun
these considerations require. The velooity at which tho
required volume of air moves th

city o

vocegsarily dependent upon asch othor,
i e haat load, and veloclty

ean be controllod by the distanco betweon openings,

turn s great, it is particularly important to
leave an unobstructed space over the packages
and undex the ceiling at all points. Otherwise,
the aix will tend to move along the aisles or
other open spaces instead of over the fruit, and
the advantage of high velocities will be lost, As
in shorter air travel, airflow should be equalized
over the length of the ducts and directed for
caual distribution throughout the stacks of
fruit.

In the design of an air-distribution system
for a storage room, a few points should be con-
stdered that, if the air volume ia adequate, will
determine how well a uniform temperature in
all parts of the yroom can be maintained, The
air should be both discharged into the room
and taken from it at or near the ceiling. The
discharge and return openings should be so
located that the air is forced to move past all
the stored fruit. Installations in which the air
is discharged along a center aisle and returned
at the floor at one end of the aisle usually do
not provide for ample circulation along the
sides of the room, and any point in the upper
purt of the room not divectly supplied with cold
air from the discharge openings is likely to
remain too warm. Complicated duct systems
with numerous Jaterals and small openinga are
to be avoided. They add to the initial expense,
build up high resistance to airflow, and tend
to result in local warm spots.

Reversing Direetions of Airflow

Since it is impossible to avoid having the
temperature of the air rise ag it passes through
the room, the fruit near the openings of return
ducts is warmer than that near the oponings of
delivery ducts. If all duct openings can act
alternately as deliveries and returns, the warm-
est fruit will not be so warm and the coldest
not so cold. This can be done by reversing the
direction of air circulation every few hours by
a simple set of dampers and special duct ar-

are provided, periodic reversal of the air will
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FiauRp 8.—Curved vanes or splitters Inside a rectangular duct,

result in & minimum difference in fruit tem-
perature throughout the room, The method is
particularly adapted to rooms {n which air be-
low the freezing point of the fruit is used for
the rapid removal of heat in precooling. Re-
versing the air periodically lessens the danger
of freezing the fruit near the discharge open-
ings.

Air traveling along a delivery duct with
plain openings along the side or bottom tends
to move paat the first openings, and the open-
ings farthest from the fan tend to discharge
more alr than those nearest the fan. In & return
duct the reverse is true; more air tends to
enter the openings nearer the fan. These effects
may be compensated by adjusting the size of
the openings. In a delivery duet the openings
nearest the fan may be made largest and those
at the far end smallest. In a return duct, open-
inga near the fan may be small and larger as

the distance from the fan increases. If the same
duct is to be used alternately for delivery and
return, however, this gradation in size of open-
inga will obviously not be satisfactory. When
the duct is used for delivery, the desired

s

Fuouts 9—Looking down an & amall wetin of the
aplitters ahown in figus
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n-a30
T'1GURS 10.—Closed reversing dampers in n large air
duct.

equality of volume discharged a various open-
ings may also be had by installing a deflector
vane at each to turn the air outward through
the opening. These deflectors, or scoops, are
illustrated in figure 18, which is from a photo-
graph of such a deflector inside a duct.

When the air direction is reversed period-
fcally, the ducts should be laid out somewhat
as illustrated in figure 14, The ducts are at the
ceiling, one along cach side of the room. The
figre shows a pair of ducts, either one of
which may be used as 2 delivery while the other
acts as a return. The arrangement permits re-
versing the direction of air movement without
throwing the quantity of air entering or leav-
ing such openings out of balance, The openings
and deflectors extend the full width of the duct
and their size is progressively larger as the
distance from the fan end of the duet increases.
The veason for this is to provide uniform air

volumes when the duct acts as a return, The
scoops are adjusted to distribute the air uni-
formly when acting as a delivery. The size of
openings and _adjustment of the deflectors
should be fixed for uniform distribution with.
out provision for readjustment from time to
time. Openings 10 to 25 feet apart are spaced
equally along the duct. It is sometimes eon-
venient to have one opening in cach bay,
Attempts to regulate the temperature of a
room by merely choking down ¢he duct open-
ings delivering cold air inevitably results in
failure. There are two reasons for this, first,
some fruit adjacent to the delivery ducts will
be subjected to low temperature, and, second,
choking down the volume of air necessary to
vemove the field heat, and later the storage heat
of respiration, results in a wide range of tem-
peratures in different parts of the room. To
avold these conditions, sufficient aix needs to be
recireulated to raise the temperature of tho in-

ez
FiGURE 11.—Open voversing dampers in n large air
duet,
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I
12.—Automatic reversing mechanism for
dnmpers shown in figures 10 and 11,

Ficure

coming air and to provide adequate air move-
ment through the stored fruit.

Where refrigerating one room at 80° F. and
another at 86° from the same cooling unit is
desirable, the 36> room must be provided with
adamper in the main supply duct and a recir-
culating duet installed within the room with a
small fan between delivery and return duets.
This arrangement will choke down the supply
of aix at 80° and mix it with the warmer air

s racirculated by the auxiliary duct and
fan. Thus, the air is tempered to 36° before
leaving the delivery duct and an adequate vol-
ume is circulated.

Planning for Economy

When a new plant is to be installed or addi-
tional equipment is considered, excessive costs
should be avoided. At such times the first cost
is frequently deciding what equipment to pur-
chase. Usually when the cost of a proposed job
is lenrned, it seems excessive and there is a
tendency to look for items that can be elimi-
nated or reduced. It is not wise to out down the
first cost by unduly limiting the cooling eurface,
the condenser cupacity, the sizes of fans or
ducts, or tho eficiency of the insulation. Sav-
inga in these itoms will be small compared with

reduced returns from overripe fruit or added
power costs projected over many years of op-
eration. When looking for possible economies
in cold-storage construction, do not lose sight
of the following essentials:

1. Sufficient refrigeration must be available
to cool the fruit as fast as it comes in. For
long-perfod storage this should be done in the
shortest possible time. For each 1,000 hoxes of
apples received into storage daily at 65° F.,
uppmximmly 8 tons of refrigeration are re-
quir

2. The air movement must be sufficient to
distribute the refrigeration officiently. In
blower-circulating systems, at least 1,500 cubic
feet of air per minute is needed for each ton
of refrigeration.

8. The retum air must be taken from the
room at the points of highest temporature. In
genoral, these points are in the upper parts of

Sufety

All measures for the safety and health of
workmen must be considered in cold-atorage
Dlants and safety guards used to cover exposed
moving parts of machinery. Al due precautions
should be provided against fire hazards and
accidents recognized by industrial safety rules,
including well-lighted rooms, gas masks for
ammonia fumes, and ammonia pressure re-
leases that are exhausted outdoors, Employees
should ot be required to work in blasts of cold
air for long periods without being adequately
protected by proper clothing.

"The engine room should have doors and win-
dows opening to the outside so that, in an
emergency, ventilation would be possible by
opening or breaking them. The outside doors
should be kept locked if there is any poasibility
of children or other persons entering and ex-
posing themselves to danger from the ma-
chinery.

A high-pressure release valve should bo
installed in the refrigerating equipment and
connection made to the outside with a vent
pipe 5o that if the pressure ruleaxu operates,
the refrigerant will not be discharged within
the building, A gas mask designed for the re-
frigerant in use should be hung just inside the
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Frovas 18.--View of air deflector nsido a rectangular duct directing air out through a slot in tho top of the duct.

outside door so that it can be reached without
entering the engine room. To be effective, this
mask must be kept in operating condition, and
‘employees must be familiar with its use.

The fire-insurance inspector should be con-
sulted and the recommendations for avoiding
and fighting fire should be followed. The elec-
tric installation should be made in accordance
with prevailing codes. If no legal code applies
in the locality, the insurance inspector should
be consulted about the appropriate provistons
of the National Electric Code that should be
followed in making the installation.

To avold the possibility of persons being
locked inside the storage room, one or more
doors should be operable from inside the room.

DUCT USED 108 RETURN AR

‘=\"‘=\'—"\:‘_\e=

DUCT USED OR DELVERY AR

Figuss 14—Dingram of delivory and return
ducta that may bo used intorchangeally with
@ revorse air ayatem. Dofloctor vanes uro used
to oquolize the quantity of air delivored from
the varisized duct openings. As the distanco
from the fan room inoronsos, thoso openings
ure made larger to equalize th flow of return-
ing ai. Tho ramber of openings I adfusted ta

the length of the duc

COLD-STORAGE MANAGEMENT AND PLANT OPERATION

Many cold-storage plants are not utilized to
bost advantage, either because of shortsighted-
ness in management or not operating at maxi-
‘mun efficiency. During the cooling period many
plants take in fruit faster than their equipment
can codl it. As a result the fruit is not cooled to
the holding temperatures until ripening fs well
advanced. Several managerial steps can be
taken to improve conditions. Compressors and

auxiliary apparatus noed to be in good shape.
Condensers must be clean and all available
condenser surface used. Evaporating cails
should be kept as free as possible from frost
and the blowers used should circulate the maxi.
mum volume of air, Good management includes
such handling of the fruit as will utilize the
plant to best advantage and such contral over
the operation of the plant and over the care of
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equipment as will keep both at top operat-
effici

Handling the Fruit

tucing the Initial Fruit Temperature
‘he quantity of heat that must be removed
7 & package of fruit doponds largely upon
7 warm it is when put into storage. If its
vage temperaturo can be reduced before
“age, it will lessen the load imposed on the
1t by each box. Fruit picked in the after-
n is ordinarily warmer than that picked in
morning. Picked fruit left in boxes under
tree is considerably cooler in the morning
2 at evening. In some districts fruit lest
er the trees overnight or picked in the
‘ning may be at a temperature of 55° F. as
inst 80° late in the afternoon. To cool 1 fon
“ruit from 55° to 32° requires removal of
00 Btu. of field heat, as compared with
for the warmer fruit. The cooling
ity of the cold storage would be more
1 doubled if the operator of the plant could
2 the cooler fruit delivered.
eaving fruit out in the orchard to cool over-
it frequently results in its cooling faster
1 it would in a cold-storage plant that is
g crowded beyond jts capacity. It also re-
5 in the fruit already in storage having a
1ce to cool faster and represents an excep-
al situation where a few hours’ delay in the
ard increases it storage life. These ad-

s warrant curtailing afternoon  de-
‘ies with such fruits as apples and pears
correspondingly increasing carly morning
sevies, especially in plants with limited
ing capacity, even at the expense of some
wulty and inconvenience in handling and
ing.
rocooling
ydrocooling, or cooling by the use of cald
3, has been used for many years for
dly cooling perishable vegetables and some
:, especlally peaches grown in the Eastern
Southern States (4). It has not been used
nsively for long-keeping fruits like apples
pears,
ssts results roported by Blanpied (5)
red a discernible difference for the first 3

months in lots of MeIntosh apples that were
hydrocooled o air cooled in 3 days and 1, 2,
or 8 weeks. However, after 4 or 5 months in
storage the hydrocooled, 8-day air cooled, and
7-day air cooled applos were about equal in
quality.

Recent research by Schomer and Patchen
(8 produced simiar xosults for Golden De-
licious and Red Delicious apples. For these
varieties when hydocooled or air cooled in 8
and 7 days, their siorage life and quuhty were
essentially the same. However, when air cooled
in 14 and 28 days, thotr quality was inferior
and storage life shortened,

same tests on Winesap apples did not

indicate any quality change or length of stor-

life. The slow-cocling rate improved the
quality for the test panel.

Segrogation of Long-Storage Fruit

"The Delicious varioty canses the most serious
storage problem in western apple districts be-
causo of its storage-temperature requirements,
its laxge tonnage, and its relatively short har-
vest period. If the cooling capacity of the plant
is sufficient to cool all these apples as fast as
harvested, all the fruit should be cooled s
quickly as possible. Since this is usually not
possible, an attempt to cool all the fruit with
equal promptness means that none of it Is
cooled quickly. Tn general, the longer a box of
apples is to be held, the mare important it is
to cool it quickly. This Is illustrated graphically
in figure 16, Longstorage lots of fruit, then,
should get more than an equal share of refrig-
eration at harvesttime and short-storage lots
Joss, Those lots for long storage should be put
into rooms where the receipts would be limited
to a quantity that could be cooled rapidly. Fruit
for shipment during the harvest season or
shortly thereafter would be deliberately with-
held from any of the cold-storage rooms o save
the rofrigeration for long-storago lots.

The procedure of sogregating apples for
long-, intermediate-, and short-storage periods
‘vlaces demands upan the management, for more
planning before harvest than a procedure
whereby all the apples are treated alike, This
planning should include sclection of apples that

of optimum maturity and freest from in-
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30°F. IN 6 WEEKS %—
1o At 36 10 a1
36°F. IN 7 DAYS TTi
Je1o A 40 21 DAYS, THEN COOLED T0_32° IN 78 DAYS; HELD AT 32° T0 FEB. 10
40°F. IN 7 DAYS - ‘
L oo 10 327 1 4 WEEKs, HEW AT 31 T0 WAR. 20
36, IN 7 DAYS
1o b 10 arii s
32°F, IN 7 DAYS
HEw AT 300 10 June |
30°F. IN 7 DAYS
SEPT. OCT.  NOV. DEC. JAN. FEB. MAR. APR.  MAY
qunn lE.—Nomvl\ storage life expectancy of Delicious Ipp]ux ‘when cooled at different rates and stored at dif-
rent temperatures, For storage, deduct 9 weeks of atorage life at 82°;

Tor onch weas delay 3 58 dudut 1 moth of shoras

herent defecte for preferential refrigeration
aver the long period on the one hand and the
carly marketing of weak, overmature fruit on
e other. It may necessitate the use of cold-

storage-n-txenst privleges and. shipping the
fruit under the standard refrigeration service
provided by the railroads for a part of the ton-
nage scheduled for intermedinte and early
marketing, to canserve local refrigeration for
promptly and adequately cooling the tonnage
intended for marketing after December, Such
a sacrifice in cooling early shipments Is an ex-
pedient and is desirable only when limited
capacity prevents prampt coaling of the entire
erop.
Segrogating to Avoid Soft Scald

Development of soft seald in Jonathans and
other varieties of apples, including Winesaps,
is erratic and unpredictable. It usually can be
traced to a quick reduction in fruit tempera-
ture to 80° to 32° F. when the fruit is some-
what advanced in maturity or is delayed at

e 52

relatively high temperatures after picking be-
fore going into storage. When such delays are
unavoidable, the disorder may be prevented by
holding the fruit at 86°, or slightly above, for
the first few weeks of storage. When it is im-
poseible to get susceptible varieties into cld
storage promptly, they should ot be cooled ta
the 80° to 82° range generally recommended
for apples but only to & moderate temperature
(86°) and segregated for early sale. Therefore,
aveid putting them in the same room with a
variety like Delicious, which should be held at
30° to 32°. Storage in separate rooms in which
the temperature can be controlled independ-
ently is desirable. Although the fruit will not
keep as long at this higher temperature, the
risk from soft scald will be avoided.
Stacking Packages

Lines are ordinarily painted on the floor of
storage rooms (fig. 16) to indicate the spaces
for placing rows of boxes'on pallets or pallet
boxes and to facilitate even stacking. Maintain-
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Fiauns 16—Lincs paintod on flocs wil facilitte plae.
in pole londs or palt boses of frult and bl in
providing uniform spaces e movement of cold

ix Urough the stored ratt,
ing an air space between rows at all points is
important. A uniform spacing of 4 to 5 inches
between rows is practically as effective in por-
mitting cooling as wider spacing, provided
headroom hetween the top of the boxes and the
ceiling is sufficient. Careless stacking, however,
in which some boxes in one row touch or ap-
proach those in another, restricts air move-
ment and retards cooling, A spacing of 4 or §
inches is alao needed to facilitate forklift truck
maneuverability between rows. This con-
venience In trucking has regulated spacing in
‘most storage houses. To overcome alight irregu-
lavitics in stacking, 4 inches may be considered
a satisfactory spacing for the bottom pallets.
‘The rows should be so laid out that the general
divection of alr movement is along the rows
instead of across them.

Stacking packages in contact outside
walls or floors should be avoided, as there is
some heat transfer through conduction that
affects the temperature of fruit in outside or
bottom packages. When pallet loads of fruit are
being atacked, spacing botween the walls and
the pallets may be insured by using side rails,
as illustrated in figure 17, or by fastening 2- by
6-inch planks to the floor around the outelde
of the room. On concrete floors an air space
should be provided beneath fruit by stacking
the fruit on pallets.

To prevent the lower fiberboard boxes from
crushing when pallet loads of packed frult are
stacked throe or more high, 1 by 4-inch boards
are placed on end at the four corners or be-
tween the first and second haxes on each cornor
of tho pallot (fig. 18). The boarda are cut abaut
1 inch shorter than the height of the stacked
boxes on the pallet. As the boxes are com-
proseed a small amount by the pallet load
above, the boards take up the load. The use of
these boards aliminates crushing and improves
the stability of the stack,

In large rooms warm fruit may be brought
in over a long period; this means that fruit
that has been in the room for some timo and
has cooled fs sometimos warmed by incaming
fruit, This effect in unavaidable in some rooms,
but by judicious stacking it can be kept at a
‘minimurn, Sometimes, the first fruit brought in
can be stacked near the air-discharge porta so
that after it is cooled it is not exposed to air
coming from warm fruit brought in later.
Overhead Space

In most storage rooms air clreulation i

planned o as to have the primary movement
over the tops of the boxes and through aisle

P

FiauRs 17—View showing sida raila along wall to

provent, stacking {rait too closo to wall and prevent-
ing air cirenlation,
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FiGure 18—Pallet lond of fiberbonrd boxes of fruit

spaced with 1 by d-inch boards placed on end and

othor pallet loads with 1- by d-inch corner bonrds to
tako load of pallet above,

spaces. The cooling in the interior of the stacks
is accomplished partly by secondary, or convec-
tion, currents up and down the spaces betwsen
pallet boxes. This cooling is effective only inso-
far as the warm air that rises to the ceiling is
moved away and replaced by colder air. Leay-
ing reasonable space overhead permits suffi-
clent circulation for earrying off the heated air.
If the space is limited, the air tends to move
along aisles or unfilled channels in preference
to the ceiling space, When fruit is stacked too
close to the ceiling, air movement is restricted
and cooling is retarded and uneven. No rule
has been established on the minimum space
required over the boxes to permit good cireula-
tion, but leaving the truss space open for this
is a good practice,

If the primary air circulation can be forced
to move over the top of the stacks and through
the spaces betwveen stacks, eooling will be more

rapid. Moving the cooling air to the outside
walls and then down and back through the
stack spaces will greatly assist in cooling the
fruit.

If natural convection is sacrificed by redue-
ing the ceiling space, forced circulation must
take its place, otherwise the effectiveness of
cooling will be veduced instead of increased.
For this reason, if air is forced through the
box spaces by cutting down circulation over the
ruit, the boxes must be arranged carefully.
Uniform spacing becomes even more important,
and air channels that will permit diversion of
air around the stacks of boxes must be avoided.
Precooling rooms in which these conditions are
met provide much faster cooling than rooms in
which natural convection is depended upon for
cooling the interior of the stacks.

Control of the Plant

In a cold-storage plant the relatively large
investment in machinery and construction can
be justified only if it increases the value of the
1ruit stored. The value of a plant in maintain-
ing this condition is largely determined by the
way it is operated. Even the best designed plant
with automatic equipment needs more or less
continuous attention to insure the best results.

Core Temperature

To make the best use of a plant, it is essential
to know what temperatures are heing main-
tained. One or two thermometers for showing
aisle-air temperatures do not indicate the per-
formance of a plant. An operator needs to know
core temperatures of the fruit, especially in
parts of the room where cooling is diffieult.
Periodic observations of fruit temperatures
will indicate what methods of stacking and alr
distribution will give best results and what
parts of the room need special attention. Re-
liable thermometers or thermocouples are
necessary for this purpose. An investment in
equipment for obtaining accurate records of
temperature in all parts of a storage is worth-
while.

Frequently, when actual fruit temperatures
are measured, the results ave disappointing. I
they are, conditions sometimes may be mark-
edly improved with little cost or inconvenience.
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1t is to an operator's advantage to know just
how quickly he can cool the fruit and how uni
formly he can hld the temperatures after it is
cooled.
In addition to the management's responsi-
billty to ascertain whether core temperatures
are what they should be in all parts of the cold-
storage plant, management has the further re-
sponsibility of checking on fluctuations in
temperature during the operating season. This
ia best done by the continuous operation of a
recording thermometer, or thermograph, at a
central point in each room. One type of such o
instrument ie shown in ﬂgu . A file
cords afford
protaction againet ccmp]nmts of grossly o
lar temperatures but does not insure optimum
coxo tomperatures at all positions throughout
the stored fruit.

Maintaining Humidity

The relative humidity in storage rooms
should be detormined periodically to avoid at-
mospheres that aro relatively dry and likely to
cause subsequent shriveling of the fruit. Sev-
eral types of instruments are available for this
purpose (fig. 20). If type A or C psychrometers
are used, the relative humidity may be found
in table 8.

Maximum use of Equipmant

If during the cooling period some of the
compressors must be shut off to avoid localized
freezing at some points while fruit tempera-
tures are too high at others, the capacity of the
equipment is not being used to full advantage
and some means for better distribution of the
refrigeration should be found. This usually
may be done oither by improving the air cir-
culation or increasing its volume, While amplo
circulation ot compensate for inadequate
refriger: t does permit maximum use of
the rofrigeration available

Pending the time when the air-circulation
system can bo overhauled to give maximum use
of the compreasors, the managoment may take
temporary steps to prevent freezing at local
points during the cooling period. They usually
involve removing the fruit or covering it where
air is introduced and using portable fans to

accelerate the movement of air away from the
cold spots towards points where fruit tempera-
tures are high.

Oporating Efficiency

Keeping Equipment Balanced
To get the best results from a plant, the
various steps in the mechanical removal of heat
must be balanced. That i, the heat picked up
in the room must be transferred in succession
from the fruit to the air, from the air to the
cooling coils, from the coils to the compreseor,
and from the compressor to the condenser,
where it is discharged te the cooling water. If
in one or more of these steps, the quantity of
heat that can be transferred is unduly re-
stricted, the equipment performing the other
steps cannot be worked to its greatest capacity.
The condenser is doing its part if the head
pressure is not excessive; and the cooling coils
are not unduly limiting the capacity of the
plant if the suction pressure is well up.

Whether the air-circulation system is in bal-
ance with the rest of the equipment, however,
is not as easily known.

During the cooling period, when the refrig-
erating equipment is oparating to full capacity,

v

Fiours 10.—Recording thermometors are usef:
Riving temperature fluctuntions and plnvldlm{ a
permanont file on cold-storage porformanco.
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FioURs 20.—Psychromaters con

ng of wet- and dry-bulb thermometars that can bo used for determining e

relative humidity of storage rooms: A, Sling type; B, wall type; and C, hand-nspirated typo.

the volume of air circulation may be considered
in balance if the temperature difference he-
tween delivery and return air does not exceed
10° F. A lower split is desirable, but if it is
greater than 10, increasing the volume of afr
circulatlon is beneficial, As the load is cooled
and as less warm fruit is brought into the stor-
e, ﬂu split will decrease and should reach
1° to 2°. After fruit temperatures become
nhnut stationary, a split exceeding 1.5° is an
indication of insufficient air volume. During
this period further cooling is not required, but
temperatures must be maintained uniformily
throughout the room.

Uniformity of temperature depends first on
an adequate volume of air. If the volume is
sufficiont, as indicated by the split betwsen de-
livery and return, and if temperatures in some
part of the room are still too high, the air is
not being distributed to the best advantage.

Ammonia Pressures

The gage pressures on the refrigeration
equipment should be routinely observed. Too
low suction pressures or too high head pres-
sures are signs that the system neds attention.
Ordinarily suction pressures below 20 to 26
pounds indicate that the cooling coils are not
picking up heat as rapidly as they should. Head
pressures of over 160 to 170 pounds indicate
lack of sufficient cooling in the condenser,
These limits depend upon the kind of system
used, but the cause of any unexpected changes
in pressure should be found and corrected, If

pressures are no\mllly outside these limits, the
possibility of making adjustments or changes
i the installation shouid be investigated to
reduce power consumption and to get more re-
frigeration. Table 9 shows how power consump-
tion increases as the head pressures increase
and the suction pressures decrease wlth am-
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snia compressors, Suction pressures as high
5 to 40 pounds and head pressures as low
100 to 120 pounds can be obtained under
vorable conditions. Pressure gages should be
ecked occasionally for accuracy, since they
ay get out of adjustment after long use.
The temperature of liquid ammonia at vari-
s gage pressures i as follows:
Fage pressurs (pownds)'  Temporature (* F.)
Suction pressure:
Below normal:

tems is that upon exposure to air the brine
tond to become acid. Unless this tendency is
checked, the particles of brine carried by the
air are very corrosive and may damage any
metal with which they come in contact. The
brine may be treated with a chemical to retard
this corrosive effect. The instructions regard-
ing such treatment, which are furnished by the
company installing the equipment, should be
followed carefully. 1£ they become lost or for-
gotten, new instructiona should be requested.

Care of Condenser
e water used in the condensers leaves a
deposit on the pipes that, if allowed to accumu-
late, interferes with the transfer of heat. The
water tubes of a condenser should be examined
at least once each year, preferably before the
harvest season, to make certain they are in
good condition. If dirty, they should be given
& thorough cleaning.
Care of Compressor
The compressor and other machines, includ-
ing motors and pumps, need careful attention.
furnished by the machinery manu-

‘Suction pressures seldom occur below 10 o above 85
nds; head pressures seldom below 100 or above 200
nds.

ssted Coils
Accumulation of heavy layers of frost on
iling coils retards the passage of heat. Pipes
finned coils need to be defrosted frequently
et the most from a cooling system. Disposal
the ice and water from defrosting may be a
sblem in direct-expansion plants, but re-
val of the frost during the cooling period is

‘ne Treatment

n brine-spray plants the frost is washed off
h brine, which is continually being diluted
the condensed water, making it necessary to
1in off some of the solution at intervals and
1| more salt, The brine should not be any

onger than necessary to prevent accumula-
2 of ice. One objection to brine-spray sys-

facturers should cover operation of the par-
ticular machines in the plant and should be
Kept in the engine room and referred to fre.
quently. Carelessness in operation or failure to
chserve the recommended routine may prove
expensive in repairs. A well planned and cared
for compressor room is shown in figure 21.

Controls

Automatic parts of the numerous types of
control equipment used in various plants
usually depend upon changes in temperature or
pressure or are controlled by clocks. It will pay
to become familiar with the principle of opera-
tion of each item involved in automatic control.

Ducts and Dampers

The dampers and openings in ducts should
be set open wide enough to permit the desired
air distribution. Tn making adjustments the
ports requiring more air should be opened to
full capacity in preference to closing down
dampers or openings at other points. When the
temperature of the delivery air is too low, the
ports should mot be closed down to prevent
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TAvLE B.—Relative kumidity of atmosphere by wet- and dry-bulb thermometers

Relative humidity when depreasion (* F.) of wet-bulb thermomoter * fs—
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* Differarce between dry- nnd wot-bulb rendings, Water should not be frezing on the wet bulb while n resding
15 made. Tho humidities hown in this tablo apply only when the ir Is Trosies vepidly past the thermoeters, as
‘with the sling or aspirating psychrometor.

TABLE 0.—Relation of head or condensing and. suction pressures to horscpower requirements per
ton for typioal ammonia compressors

647 5-1non compapsson

Suction pressurs of—

Condensing pressure -
(pounds) 10 pounds. 20 pounds, 25 pounds 30 pounds 35 pounds

Hp.

0.8

o8

2

08

105

117

120

o1 052

182 o 84 a3 ko
150 1t o7 8 m
167 19 110 98 8
188 180 128 111 100
200 168 138 .23 11
217 167 150 188 124
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-

$16URY 21.—Arvungoment of multiple compressors in engine room.

reezing; instead the temperature of the air
hould be raised and as much volume as possi-
le permitted to circulate through the room.
[any plants have too little air circulation, re-
alting in high temperatures in parts of the
om. Sometimes the delivery-air temperature
+ lowered in an attempt to correct this. If this
»mperature becomes too low for safety, closing
n the openings to prevent freezing aggra-
ates the condition instead of improving it.

reesing Near Coils
direct-expansion rooms the packeges
sarest the coils sometimes become too cold

even though other fruit in the room may be too
warm. This localized low temperature is caused
by the radiation of heat directly from the pack-
ages to the coils, even though the air next to
them may be above the freezing point. Here,
the air circulation may be increased to keep the
packages from getting too cold or, if necessary,
a shield may be put between the boxes and the
pipes. This shield is not to deflect the air but
to prevent direct radiation; that is, to stop the
“shining,” or ion, of heat from the boxes
to the cold surface of the pipes. This radiation
takes place regardless of the temperature of
the air between boxes and pipes.
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APPENDIX

low Te Make u Thermocouple
The following suggestions on how to con-
struct a thermocouple are not necessarily com-
plete for all methods of making thermocouples.
Each presents its own problems and experience
will provide the best procedures to use. The
procedures outlined here must be regarded as
general enough to cover the requirements for
constructing thermocouples to be used in indi-
cating the temperatures in a cold-storage room
for apples,
Materiale
Two dissimilar metals such as two dissimilar
metallic wires when joined together constitute
a thermocouple, Some thermocouples are more
sensitive than others. Since the instruments
used in the Pacific Northwest are calibrated for
copper-constantan thermocouples the following
types of wire are used:
No. 29 Copper wire,
cotton covered
No. 24 Constantan wire, enameled single-
cotton covered

cnameled  single-

The smaller the wire used the less cost per foot
and the greater the sensitivity of the thermo-

couple, However, Lo small o wire will break
easily and must be handled with cave.
Cutting Wire

Cut both wires to length of the finished
thermocouple. Remove the insulation and
enamel for a distance of about one-half inch
from one end of each wire by scraping with a
knife to fnsure a good comnection with the
cireu
Tuwisting Wire

ith both wires extending the same distance,

twist these two ends together,

Fuusing or Soldering the Thermocouple

The Lwisted ends should be soldered with a
vasin core solder, then clip the end ao that it is
not over Y to % in. long. Do not use acid core
solder as it is conducive to corrosion and will
shorten the life of the thermocouple.

For better and longer lnsting thermocouples
the wives can be fused with a small electric arc
or gas toreh.

Electric ar

—Thc construction of an appa-
thclmacuums junctions elec-
trically is ilstrnted in figur
Assemble parts by m\ﬂlng or serewing wood
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base together, fasten porcelain sockets to hase,
and fasten metal carbon holder securely to
support block. Porcelain sockets should be con-
nected in parallel, connect one lead wire to 110
volt plug, another wire from sockets to metal
carbion holder. Other lead wire is connected to
alligator clamp. Tape or insulate all exposed
metal connections. In using the electric are,
bare and scrape 14 inch of thermocouple wiro,
twist bare ends together, insert in alligator
clamp with clamp gripping bare wire. Thermo-
couple wire should protude ¥, to % inch from
clamp. Plug in extension cord to 110 volt outlet,
By use of wooden handle press the wire into
contact with carbon and slowly break contact,
drawing an electric arc which fuses thermo-
couple wire. A %o fused ball should be formed
on the end of the thermocouple wire. If arc is
£00 ot for size of thermacouple wire, unserew
one resistor o cut the current down.

CAUTION
An dlectrio are will burn the eyes
80 protect eyes with dark glasses or
lace a picee of smoked glass over the
arc area.

prevent being severely shacked.

Gas torch—When using a gas torch, use the
following procedure:

When welding, use an acetylene torch, and
select a torch tip in proportion to the size of
wire to be welded. (For the smallest gage wires
use & No. 1 torch tip and for the largest gages
use a No. 10 tip.) Fasten the torch in a vise so
that the flame will be horizontal. Adjust the
torch g0 as to get a neutral flame, about 4 in,
long, with the white cone—surrounding the
small blue cone—almost 3, in. long, Hold the
twisted junction of the wires in the flame—at

Fiauns 22.—Apparatus for fusing thormoconple
Junctions.

the tip of the white cone—until both wires
are a bright red, then dip in a fluxing mixture
consisting of 6 parts of fluorspar to 1 of borax.
(If fluorspar is not available, borax alone may
be used.) Place the flux-covered twisted ends,
immediately in the flame. Since one wire melts
at a lower temperature than the other, manipu-
late the weld in the flame until both wires reach
their melting points at about the same time.
This can be done by keeping the wire that melts
first in the cooler part of the flame untll the
other wire is about to melt.

As soon as both wires reach the melting
point, revolve the weld in the flame until both
metals flow together forming a ball weld at the
tip.

Use a moderately hot flame to avoid burning.
After fluxing the metal, the weld should be
made, if possible, on tho first attempt. Con-
tinued heating at welding temperatures will
result in a poor weld. If a good weld s not
made promptly, and a shorter thermocouple
can be used, cut off the ends, make a new
twist, and repeat the procedure,

Inexpensive Paint for Concrete Walls
The following is an inexpensive and durable
paint for concrete walls:
50 pounds slack lime
16 pounds granulated salt,
15 gallons of water
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Mix the water with the ingredients to a thick hod e e i thesnes s B i
rry consistency for painting on concrete s vt i o
stru " in late hmmry ond carly February. Froit
. harvosted in this lnta period lases firmcss
Hurvesting Maturity of Apples o apidly han tht morvcston stove 13

duys.

Beeause of the importanee in harvesting ap-
ples ai the proper time for storage, the follow-

ing research information on picking dates for Pressure Testing

apples in the Pacific Northwest is quoted in 1S g yuse of pressure testing to dotarmins fhe

entirety (2). maturity of apples at harvest time is not re-
Bofors 185 daya from Jull bloom. Red Deliclous liable.
sopls aroimmtars, They nove dvolon i A Magness-Taylor pressure tester can be
qualil sposel o nenld that senld fo- i y
iitns sy o contrl tho disorder, mad— tasd in o slorage 0wt uo test the rate at

o tor” o Byt ot Gty ich apple firmness is being lost during the

zomally bavo inadogunto selor. storage sexson and i a method used to predict
Datoeon 157 to 160 days from full bloow, Red the future storage lifo of apples.

Deliclous can Lo stored for over aix months
and rotnin bigh quality providing thoy nro frea
Havvest Matnity for Pears

In contrast to apples the flesh firmness of
pears is the most satisfactory way of determin-
ing their maturity.

The picking maturlty of pears varies slightly
from district to district becnuse of cifferent
growing conditions.

Table 10 shows the recommended pressure
for picking pears as determined by L. P. Batj
water core I four yours out of clght for picting oy ined by . P. Batjer
(1060 through 1060). In scasons whe "
water coro dovelops onrly, water-cored .
£uuik should be aegregted in the oxehard TABLE  10.—Flosh-firmness  rocommendations
and kept In sopurato |-2Ll ot the ware- for harvesting pear varieties

ouso for earlior market

2140 o 160 daye, Red Daliions ava
long_storago potential In sensons whoo -
water cora I not sigoificant. They hevo

suporior flaver and are nearly as firm in Variaty
the Inte atorage poriod ns apples harvested

A4 197 to 14} deys, Rod Dellelous tro gon-
arlly vory susceptiblo t storago seald.

Pirmness®
axtmum  Optimum i

Pounds  Pownds  Pounds

wm

voon s

1o o o it oo, Tt Ditdns T 1

e scln iy fr o arly 2 u !

priod ut do ot hava good potonil o ho 5 oal -

00 posion. 18 16 u

By 186 daye from full bh)om Red Dellcious i 125 1
have hod significant water core In six yonrs

out of sight (1060 through 1006). In zhm
yours, from 40 to 70 per cont of tho Toylor pressure tester with Yioinch.

e et mane . o e dinmotar plunger.
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