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PRECOOLING OF FRESH FRUITS AND TEMPERA-
TURES OF REFRIGERATOR CARS AND

WAREHOUSE ROOMS

E. L. OVERHOLSEEi and B. D. MOSES2

The term "precooling" refers to the process of cooling the fruit

soon after harvesting", and before it is shipped. The degree of

maturity at which the fruit can be picked and the condition in which

it arrives at its destination depend greatly upon its temperature after

harvest, both before and during transit. The more nearly fruit is

picked at the proper stage of maturity for the best development of

color and highest subsequent eating quality, the greater is the neces-

sity for precooling.

Fruit when picked from the tree is not inert. After harvesting it

continues metabolic or ripening activities for a variable period of

time, depending upon the conditions that surround it. As a result

of these metabolic activities, the tissues of the fruit gradually become

overripe and break down. These changes may be retarded, and decay

checked, by cooling the fruit promptly after it has been harvested,

and keeping it at a relatively low temperature until used. The rate

at which fruit ripens may be reduced as much as one-half for each

15° Fahrenheit drop in the temperature at which it is held, within

ripening temperatures.

Overholser, Winkler and Jacob (5) found that fruit exposed to the

sun even while on the tree may be from 7° to 10° F warmer than the

surrounding air. Peaches have been observed to increase 1.26° F
in ten hours when kept in air at 50°, and 6.57° when in air at 86°. (2)

It has been computed that sound apples held at a temperature of

68° F generate heat at the rate of about 0.012 calories per second

per kilogram, because of their own self-heating. (3) This amounts to

about 3740 B.t.u. per ton of apples per twenty-four hours, which is

sufficient heat to melt about 26 pounds of ice. Raspberries would

develop nearly five times, peaches twice, and oranges one-third as

much heat as apples.

The self-heating of fruit and the relatively small amount of refrig-

eration required to check it, and the value of rapid reduction of field

1 Formerly Associate Professor of Pomology, University of California.
2 Associate Professor of Agricultural Engineering, University of California.
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temperatures of fruit seem to justify precooling by mechanical refrig-

eration, particularly when it is to be placed in insulated compartments,

provided with limited refrigeration, such as refrigerator cars.

In the case of fruit to be loaded into ships, precooling enables it

to be held temporarily, pending the accumulation of the cargo or the

arrival of the ship, and reduces losses in case of delays resulting from

unfavorable weather at sea. Precooling of fruit to be loaded also

prevents the placing of warm fruit with a cargo that has been satis-

factorily cooled, a procedure producing a condition favorable to mold.

It has been found that a number of rot organisms would continue

to grow at 32° F, after the spores had germinated at higher tempera-

tures. The growth at 32° is, however, not so rapid nor so extensive

as at higher temperatures. The germination and growth of the spores

of blue mold (Penicillium expansum)
, which may cause serious rotting

of apples in storage, is inhibited at temperatures of 30° to 32° F.

These results indicate that delay in cooling results in greater losses

from rots than when the temperature is lowered quickly before the

fruit is placed in storage rooms or refrigerator cars, Precooling,

under many conditions, may, therefore, be expected to lessen losses

from rots.

Ramsey (7) determined the average' fruit temperatures during

transit between Wenatchee, Washington, and Chicago, Illinois, in a

standard refrigerator car loaded with apples. He found that 114

hours, with four re-icings, were required to reduce the temperature

from 62° to 45° F, the maximum temperature for the most successful

shipping, and that four additional days were required to reduce it

to 40°.

Ridley (9) in his studies of the distribution of refrigeration in a car

of strawberries en route from southwestern Missouri to St. Paul,

Minnesota, found a difference of 10° F between the fruit in the top

and that in the bottom containers. This difference is sufficient to

permit marked variation in the rate of ripening or the degree of

spoiling of the fruit.

In 1924 observations were conducted by The California Fruit

Exchange upon fruit being shipped in standard refrigerator cars to

Chicago and New York.

The temperature of the fruit throughout the top layers averaged

from 9° to 16° F higher than in the bottom layers. At the start the

fruit in the top layers averaged 20° higher than in the bottom layers.

This condition prevailed with an outside air temperature of between

80° and 90° and a fruit temperature when loaded of around 75°

to 80°. The temperature of the fruit at the bottom of the load near
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the ice bunkers dropped to 45° or thereabout within 12 hours after

the car doors were closed, but it took four days for the temperature

of the fruit in the top of the load, half way between the ice bunkers

and center bracing, to drop to 55°.

Because of the interest shown, by shippers of California fruit,

in equipment that could be used to cool the fruit before shipment,

and because there seemed to be little information upon the rate at

which fruit cools under different conditions, an investigation was

made by the California Committee on the Relation of Electricity to

Fig. 1.—Fruit being precooled, before loading into refrigerator car, in a room
in a cold storage warehouse. The fruit is placed in these rooms equipped with
air ports at either end connecting with ducts through which refrigerated air is

blown. The temperature ordinarily maintained in the ducts is between 28° and
32° F, and regulation is effected by controlling the flow of air.

Agriculture and by the Division of Pomology of the College of Agri-

culture, University of California, on the temperature changes in certain

fruits as affected by different methods of precooling. This investi-

gation covered two distictive systems, warehouse and car precooling.

Under the warehouse system the fruit is packed, placed in cold

storage rooms, and cooled to between 30° and 34° F. It is then loaded

directly into iced refrigerator cars, stowed in the refrigerated holds

of ships, or stored in cold storage warehouses for subsequent shipment.

The air around the fruit may be cooled quickly, but the package

and its contents give up their heat slowly. Under favorable con-
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ditions in a cold storage warehouse, according to Powell, (6) the fruit

in the center of a barrel of Bartlett pears stored at a temperature of

30° F required four to seven days to cool from 80° to approximately

the temperature of a cold storage room. Similar fruit in a 20-pound

box or in a bushel salt crate reached 32° F in from 12 to 24 hours.

In a storage room approximating 32° F, according to Whitehouse (11)

it required 30 hours for the temperature in the center of a box of

wrapped apples to drop from 70° to 40° F and an additional 130

hours to drop to 34°. In other words, the temperature in the box

dropped 30° degrees during the first 30 hours and but 6° in the

next 130 hours.

One of the railroad companies in southern California employs a

method for car precooling which consists of hauling the loaded

refrigerator cars to a central plant built along the track at a point

en route, and causing cold air to be blown through each car. This

air enters the hatch at one end of the car, circulates around the

fruit, passes out at the other end, and returns to the cooling rooms

of the plant. The direction of air flow may be reversed at intervals

if desired. The capacity is 26 cars at a time, and the period of pre-

cooling averages about two hours. The temperature in the car may
be lowered to 40° F in order to hasten the cooling of the cargo and

lessen the need of subsequent re-icing.

Recently there has been increasing interest in portable car pre-

coolers which enable the cars to be precooled at the point of loading.

Although the details of construction and operation may differ some-

what, the various makes all employ some system of circulating air

from the ice bunkers around the fruit containers. Forced air cur-

rents from fans either inside or outside the car, are controlled by air

ducts, baffles, and partitions. The ice in the bunkers of the car is

used to supply the refrigeration, and the circulation of the air hastens

the transfer of heat from the fruit to the ice. Salt may or may not

be added to the ice in the bunkers. After 6 to 8 hours of operation

of the car precooler it is necessary to re-ice at the nearest icing point

en route.

TEMPERATURE STUDIES OF REFRIGERATOR CARS AND
WAREHOUSES

A study was made of the following: (1) air and fruit temperatures

in commercial warehouse cold-storage rooms used for precooling;

(2) air and fruit temperatures at different positions within the re-

frigerator car, as affected by car precooling; (3) the rate of tempera-
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ture drop in the fruit within the packages and in the air outside the

packages; and (4) the differences in rate of temperature fall as

affected by the kind of fruit and type of package.

Copper-constantan thermocouples and resistance thermometers

were used for the measurements. The size of the thermocouple junc-

tions was such that they could be inserted in even the smaller fruits,

and the leads varied from 24 to 30 feet in length, so that the tempera-

ture readings could be made, by means of multiple switches, without

Fig. 2.—Fruit and air temperatures in a refrigerator car were taken with
thermocouples attached through rotary switches to a suitable meter by leads suf-
ficiently long to reach all parts of the car. The junctions of these couples were
small enough to give the temperature at the center of a pear or even of a grape
or cherry. The flexible leads permitted observations on a fruit in the center of
a package in the center of a stack anywhere in the closed car. Three switches with
a total capacity of 40 points were used. The leads, one of the two switches, and
the meter are shown. The recording thermometer records air temperatures in the
center of the car.

entering the car. Standardized mercury thermometers and recording

hygro-thermographs were also used. To insure accuracy the thermo-

couples and resistance thermometers were carefully calibrated before

and after each test. The discussion of the experimental data deals

first with the warehouse precooling and second with the individual

or portable car precooling units.
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WAREHOUSE PRECOOLING OF PEARS, GRAPES AND ORANGES

Pears.—One set of tests was made in a large cold storage room,

which was loaded with pears to about 70 per cent of its capacity.

Air at a temperature of approximately 32° F was continuously blown

from inlet ducts into and throughout the room and its contents with

sufficient velocity and volume to give a complete change of air about

Yig. 3.—Fruit stored in cold room of cold storage plant, showing method of

stacking so as to maintain aisles for handling the different lots, and the method

of spacing so as to facilitate air circulation between the boxes. The wires toward

the center are thermocouple leads for observing fruit and air temperatures.

every three minutes when the room was empty (see fig. 3). The

relative humidity varied from 80 to 86 per cent at the air inlet ducts

to from 89 to 91 on the air outlet side of the room, after the air had

passed over the fruit.

The data in table 1 showed that it required a relatively long time

to remove the heat from wrapped pears packed in the center of
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standard boxes. For example, when Bosc, Hardy, and Winter Nelis

pears, having an initial temperature of about 61.5° F, were placed in

a room maintained at approximately 32° to 36°, the fruit in the center

of the boxes did not cool to 35° until after 44 hours. The temperature

was not further lowered after six hours' additional time.

TABLE 1

Average Bate of Temperature Drop in the Center of Wrapped Pears and in

the Space Between Pears in the Center of Packed Boxes in Cold

Storage Precooling Booms (San Jose, California)

Time of observation
Temperature in degrees Fahrenheit

In center of
pears in
center of
boxes

Between
wrapped

pears in center
of boxes

In air

Date Hovir
channels
between
boxes

f

Sept. 15, 1927

12:15 p.m.

2:12 p.m.

4:10 p.m.

7:05 p.m.

9:10 p.m.

8:40 a.m.

12:45 p.m.

5:25 p.m.

10:10 p.m.

8:15 a.m.

2:15 p.m.

61.5

57.3

55.4

54.2

52.5

43.4

41.8

40.2

38.0

35.3

34.5

61.0

57.0

55.2

53.7

52.4

43 4

41.1

40.2

38.1

35.6

35

35.5

35.0

34 9

33.7

32.9

32.2

33.6

35.3

32.7

31.9

33.3

Sept. 16, 1927 J

Sept. 17, 1927 /

There was no marked difference between the temperature drop

of wrapped pears in the center of a box and that of the air immedi-

ately surrounding the fruit. Under such conditions of tight packing

the cooling within the box is largely by conduction, there being little

or no air movement within the package.

Stubenrauch and Ramsey (10) determined that loose pears in lug

boxes cooled to the desired temperature in less than half the time

required for wrapped, packed pears. With the packed boxes it fre-

quently required three times as long to cool the fruit in the center

of the box as to cool the outer fruit in the same box. Powell (6) re-

ported that fruit wrappers retarded cooling, and that there may be

a difference of 10° F in temperature of the fruit at the end of one

day, between 40-pound boxes of unwrapped and of wrapped fruit.

Beach and Eustace (1) found that with barrelled apples held at 34° F
for 74 hours, unwrapped fruit had dropped to 38.5°, while wrapped
fruit had dropped to only 43°. Unwrapped fruit in a bushel box

dropped to 35° in 58 hours, whereas 70 hours were required for a

similar drop when the fruit was wrapped.
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As shown in table 2, the temperature of the center of the fruit

the center of the box was brought to 33.2° F after 45 hours of

The temperature of the air immediately surrounding the

m
cooling.

TABLE 2

Bate of Temperature Drop in the Centers of Wrappe;d Pears and in the
Space Between Pears in the Center of Packed Boxes in

PrecoO'Ling Warehouse Rooms (Exeter, California)

Time of observation
Temperature in degrees Fahrenheit

In center
of pears
in center
of boxes

Between
wrapped pears

in center
of boxes

Date Hour
Air in

warehouse
room

Sept. 29, 1927

11:30 a.m.

12:30 p.m.

4:00 p.m.

8:05 p.m.

9:50 p.m.

9:00 a.m.

2:00 p.m.

5:00 p.m.

8:00 p.m.

8:30 a.m.

74.8

70.6

66.0

64.0

58.8

48.0

44

40.4

38.8

33.2

74.0

69.4

64.8

61.1

58.6

46 3

41.4

39.9

38.7

31.9

42.5

39.8

36

35.0

32.5

31.8

30.3Sept. 30, 1927 <

Oct. 1, 1927

29.8

29.3

31.5

fruit in the center of the box was slightly lower than the temperature

of the fruit itself, possibly because the fruit was not quite so tightly

packed as was the case in the first test shown in table 1.

Grapes.—Grapes cooled somewhat more rapidly than did pears,

possibly because the individual fruits were not placed so tightly

TABLE 3

Average Change of Temperature in the Center of Boxes of Black Cornichon

and Malaga Grapes in Warehouse Precooling Eooms
(Exeter, California)

Time of observation
Temperature

in degrees Fahrenheit

Date Hour In boxes
of grapes

Air in
room

Sept. 29, 1927

Sept. 30, 1927 J

Oct. 1, 1927

11:00 a.m.

12:30 p.m.

4:00 p.m.

8:10 p.m.

9:50 p.m.

9:00 a.m.

2:00 p.m.

5:00 p.m.

8:00 p.m.

8:30 a.m.

59.5

57.4

52.9

48.1

45 5

39.6

36.4

35.2

34.7

32.8

40.4

39.2

36

35.1

32.6

31.7

30 4

29 9

29.3

30 5
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together, were not wrapped, and were smaller. Hence, the cooling

resulted not only from conduction but also to some extent from air

movement between the fruits. Furthermore, the grapes, being smaller,

have a larger cooling surface per unit volume than do pears, and this

would permit more rapid cooling. The complete cooling required a

longer time than seems usually to be believed.

The centers of boxes of Black Cornichon and Malaga grapes having

a temperature of 60° F were cooled to 35° after 30 hours in the cold

storage room. It required an additional 15 hours to reduce the tem-

perature to 33°. The boxes of grapes on the floor tended to cool some-

what more rapidly than did those on the top of the stack (see table 4).

TABLE 4.

Average Change in Temperature in the Center of Boxes of Black Cornichon

and Malaga Grapes in the Top and Bottom Positions in the Stacks

in Warehouse Precooling Booms (Exeter, California)

Time of observation Temperatures in degrees Fahrenheit

Date Hour In top
boxes

In bottom
boxes

Air
adjacent to
top boxes

Air adjacent
to bottom

boxes

Sept. 29, 1927

Sept. 30, 1927 <

Oct 1, 1927

11:00 a.m.

12:15 p.m.

4:00 p.m.

8:10 p.m.

9:50 p.m.

9:00 a.m.

2:00 p.m.

5:00 p.m.

8:03 p.m.

8:30 a.m.

63.0

59.8

53.9

49.7

48.3

42 7

37.8

36.4

35.1

33

55

53

48

43

41

36

34

33

33

31

3

2

2

8

3

3

2

9

2

9

42.1

39.8

36.0

35.4

33.1

31.8

30.4

29.9

29.5

30 5

40.0

38 5

35.4

34.7

32,

5

31.6

30.3

29.8

29.0

30 4

There was a greater temperature difference between the centers

of boxes of grapes at the top and at the bottom of the stacks than

would be expected from the temperature differences of the air. This

may, however, be explained by the differences in rate of air flow

around the grapes in the two positions. A drop curtain was used to

deflect the air travelling across the room through the fruit ; it extended

nearly the entire length of the room and reached from the ceiling to

below the top boxes. The air velocity along the floor, between the

stacks of fruit in the middle of the room, was 52 feet per minute,

whereas six boxes above the floor it was only 5 feet per minute.

Granges.—Boxes of packed, wrapped Valencia oranges were set

on end in a precooling room several feet from the nearest boxes.

There were two sizes of oranges, one averaging 2% inches in diameter,
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packing 200 to the box, and the other averaging 3% inches in diameter
and packing 126 to the box. The rate of cooling in the center of the

oranges in the middle and in the periphery of the box is shown in

table 5.

Fig. 4.—Fruit placed in cold storage room. The air enters through ports in
the ceiling near one side wall, flows across the room, and passes out of ports
similarly placed near the opposite wall. A canvas curtain is dropped from the
ceiling to within about five feet of the floor. This curtain prevents short-circuiting
of the cold air across the tops of the boxes. The wires shown are leads from
thermocouples placed in the fruit and air spaces.

TABLE 5

Average Change of Temperature in the Center of Packed, Wrapped Valencia
Oranges in Warehouse Preicooling Rooms (Pomona, California)

Temperature in degrees Fahrenheit

Time of observation
Inside of

2%-inch orange
Inside of

3MJ-inch orange
Average

Date Hour In center
of one end

of box

In outside
row of one
end of box

In center
of one end

of box

In outside
row of one
end of box

of air

in room

4:00 p.m.

4:05 p.m.

5:05 p.m.

7:00 p.m.

9:00 p.m.

7:00 a.m.

10:00 a.m.

^2:00 p.m.

6:00 p.m.

10:00 p.m.

7:00 a.m.

11:00 a.m.

3:00 p.m.

10:00 p.m.

8:00 a.m.

74.7

75.3

73.8

71.8

59.0

55.8

51.8

48.5

45.5

41.0

39.5

38.8

36.8

35.3

71.0

Fruit p

61.5

56

53.0

44.0

42.3

40.5

39.0

37.3

35.3

34.8

34.8

33.8

33.3

73 3

ut in cold

73.5

72 5

70

56.5

53.5

49.3

46.3

43.8

39.3

37.8

36.8

35.5

34.5

72.3

room.

65 3

58.5

54.8

44.3

42.3

40.5

39.0

37.5

35.0

34.5

34 5

34.3

33

June 18, 1928

June 19, 1928

June 20, 1928

35

35

34.6

33.3

33.3

33.7

33.0

32 5

31.8

32.7

33.3

33.3

32.5
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It is strikingly interesting* that oranges cooled more slowly than

any of the other fruit studied. Not less than 64 hours was required

to cool oranges in the centers of each half of the divided box from

about 74° to about 35°, the boxes being surrounded by air of approxi-

mately 33° F. The oranges in peripheral portions of the box cooled

somewhat more rapidly than did those in the center. The relatively

large size of the fruits, the high water content, and the insulating

effect of the thick protective rind, no doubt account for the slowness

with which oranges can be precooled.

Fig. 5.—Section of refrigerator car loaded with fruit packed in containers of
different shapes and sizes, showing the natural circulation of the air downward
through the ice and upward through the fruit. Some precoolers (fig. 8) oppose
natural convection currents and force the air to circulate in the opposite direction.
Others increase the flow in the natural direction, and still others (fig. 9) by letting
the air into the car at one hatch on top of the car and out at the other, combine
the two principles; in one end the air goes with the natural flow; at the other
end, against it.

Several packing houses in southern California are precooling

oranges. The packed oranges are placed in temperatures of from 32°

to 34° F for from three to ten days and are thus precooled to approxi-

mately 34°. They are then loaded directly into the iced car. The
bunkers contain 23 blocks of ice weighing 315 pounds each and making
about 14,500 pounds of ice to the car. After the car is loaded and
braced, which requires about an hour, the hatches and doors are sealed

with instructions not to re-ice en route. The precooled fruit thus
begins the journey at a temperature of about 36° F.

Through the courtesy of the California Fruit Growers' Exchange,
data were obtained for 23 precooled cars shipped east from Pomona,
California.

With these precooled oranges the temperature of the fruit was
eleven days in gradually rising from 34° to about 45° F. There was
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relatively little difference between the fruit temperatures in the differ-

ent parts of the cars en route. The difference averaged 2.5° F. On
the average the bunkers were still half full of ice when the cars

reached their destinations, and the per cent of fruit decay was

negligible.

Fig. 6.

—

a portable car precooler consisting of four fans mounted on vertical

shafts and driven by individual electric motors, mounted in a metal frame. The

unit rests on the bracing at the center of the car, draws air from the ice bunkers

over the fruit, and forces it downward between the boxes and toward the bunkers.
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FIRST TYPE CAR PRECOOLER STUDIED

The first type of car precooler studied consisted of four %-horse-

power vertical electric motors directly connected with propeller fans

and mounted on a horizontal carriage, which was placed in the door-

way space between the bracing of a loaded car. A canvas cover was

spread over the top tier in each end of the car from the bunker to

the fan carriage and securely fastened in place by means of three

adjustable horizontal struts which reached from side to side of the

Fig. 7.—The blowers of this car precooler are carried on a special truck from
which they are slid on to the bracing. The platform is adjustable as to height,
and the whole frame is mounted on rockers.

car. This sheet prevented the short-circuiting of the air upwards
between the tiers of boxes and directed it backwards through the

fruit to the lower half of the bunkers.

When the fans are in operation, cooled air is drawn forward from
the top of the ice bunkers over the canvas, forced downward at the

space between the bracing, and sent backward through the tiers of

boxes and around the fruit to the bottom of the ice bunkers. The
warmed air then passes upward through the ice, releasing heat

absorbed from the fruit, and out again at the top of the ice bunkers,

to be recirculated. The theory advanced by the manufacturers in

support of this direction of air flow is that the coldest air comes into

contact with the warmest fruit at the center of the car, and the some-

what warmed air reaches the fruit nearest the bunkers which, under
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natural conditions, is in the coldest position of the car. The general

practice is to run the precooler for from five to eight hours and to

close the doors as quickly as possible when it is removed.

The car should be re-iced as soon as possible in order to replace

the ice that has been melted during precooling.

Numerous tests of the air and fruit temperatures as affected by

this type of car precooler were made. The refrigerator cars were all

modern, fitted with standard equipment and in good condition. Some
had been recently overhauled. In every case the bunkers were nearly

full of ice at the time the car was loaded.

FANS vvi MOTORS

ARROWS MNOTf OtRtCTION Of AIR

Fig. 8.—Sectional view of a standard refrigerator car with a car precooler in

position. This type draws the air through the ice bunkers and then recirculates

it through the load from the center of the car towards the ends. The canvas sheets

prevent shortcircuiting of the air and are raised at the center because of the air

pressure developed by the fans.

Air Temperatures.—The average air temperatures in different

positions of the car as influenced by the operation of the car pre-

cooler were determined. Representative data, obtained from three

cars, one loaded with mixed containers of plums, grapes, peaches, and

pears, the second with pears, and the third with grapes, are shown in

table 6.

The data indicate that the average air temperatures, during four

hours operation of the car precooler, did not drop below 45° F.

During the operation of the precooler and afterwards the coldest

air temperatures tended to be near the floor, particularly under the

false floor at the bracing and at the bunker, the warmest air being

found at the top of the load of fruit midway between bracing and

bunker and near the bunker. The air temperature differences between

various parts of the car were, however, reduced to a minimum during
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the operation of the car precooler. There was less difference in air

temperature between the top and bottom of the load at the bracing

than between top and bottom at the bunker. When the car precooler

was stopped, however, the differences between air temperatures at the

bunker, the bracing", the top, and the bottom, became marked.

TABLE 6

Air Temperature Changes in Standard Loaded Refrigerator, Cars During
and Subsequent to Operation of Car Precooler, in Degrees Fahrenheit

(Mayhews, California, September 19, 1927)*

Bottom,
near

bunker

Top,
near

bunker

Bottom,
near

bracing

Top,
near

bracing

Bottom,
midway
bunker
and door

Top,
midway
bunker
and door

Precooler Fans Started 1 p.m.

44 1 63.5

47.1 54 .3

48.2 52 1

46.0 50 5

45.8 50 2

46.0 50 3

47.3 49.9

45 .1 48.5

4/0
48.3

48.0

47.8

47.5

48

48.2

45.5

52.5

52.9

49.7

46.9

46.6

47.3

47.4

48.2

61.0

52.1

51

49.7

49.2

48.3

48.5

47.1

Precooler Fans Stopped 5 p.m.

43.9 48.2 46.2 48 45.8 49.1

38.9 52.1 45 50.8 41 9 51 5

38.9 53.2 45 52 41.8 52.8

38.8 54.5 47.8 52.5 42 4 54

39 55.6 46.8 52 5 42 3 54 3

Readings tabulated for half-hour intervals.

The temperature changes indicate definitely that when the fans

were stopped there was a reversal in direction of the air currents from
that during: the operation of the fans.

The temperature changes within the cars were appreciably influ-

enced, first, by the amount of ice in the bunkers, and second, by the

size of the air channels formed between the cakes of melting ice.

When the ice was compacted with a tamp, a slight temperature drop
in the car resulted. The effect of the sun shining directly on one end
of the car was indicated by the temperature measurements becoming
somewhat higher there than in the opposite end.

Method of Taking Fruit Temperatures.—The studies on the tem-

peratures of the fruit, as taken by inserting thermometers into the

fruit itself, show a decided lag in the lowering of temperature of

the fruit behind that of the air in the car, of the air between the
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containers, and even of the air within the containers. Each precau-

tion taken to protect the fruit against physical injury increases the

insulation of the fruit against heat removal. Thermometers placed in

the air in the car, at best can be taken only as indicators, and should

be placed as near the fruit as possible. Each fruit is discussed inde-

pendently under the following tables.

Temperatures in Packed Pear Boxes.—Temperature measurements

were made in the spaces between fruits and in the centers of pears

at the bulge and center of the boxes. The data in table 7 show the

lag in temperature drop just within the bulge of boxes of pears as

contrasted with the air temperatures in the channels between boxes.

On the other hand, after the fans were stopped, the temperature just

within the bulge tended to rise more rapidly than the air temperature.

This increase was probably the result of the heat of the fruit within

the package.

TABLE 7

Average Rate; of Temperature Drop in the Bulge, of Boxes of Pears in

Refrigerator. Cars During and After Operation of Car

Precooler (Mayhews, California)

Time of observation

Temperature
in degrees Fahrenheit

In bulge
of boxes
of pears

In air

channels

Date Hour
between
boxes

Sept. 19, 1927 1:25 p.m. 66.4 67.9

Precooler Fans Started

Sept. 19, 1927.

2:30 p.m. 62.8 58 1

4:25 p.m. 52.8 46.0

6:30 p.m. 50 7 45.2

8:30 p.m. 48.8 44 3

Precooler Fans Stopped

Sept. 20, 1927..

9:00 p.m.

5:30 a.m.

7:30 a.m.

9:30 a.m.

11:30 a.m.

2:30 p.m.

In order to determine the difference in the rate of temperature

drop within the fruit itself and in the surrounding air, thermocouples

were inserted into the center of wrapped pears and in the space

between them as the boxes were being packed. Three such boxes

were prepared and with the attached wires were placed in the tier
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second from the top and midway between the sides of a car loaded

with pears. One box was placed next to the bunker midway between

the sides of the car; the second box midway between the bunker and

the bracing" at the door ; and the third at the bracing". Average tem-

peratures for the boxes and for the air of the car are shown in table 8.

TABLE 8

Temperature Changes in the Center of Pears Packed in Boxes and Loaded

in Refrigerator Cars During and After Operation of

Car Precooler (Mayhews, California)

Average temperature in degrees Fahrenheit

Time of observation

In center of
pears in center

of box

In air

next to pears
in center
of box

In air sur-
rounding box

Date Hour
containing

pears

August 20, 1927 6:30 p.m. 69.5 69.5 67.8

Car Precooler Started

August 20, 1927..

August 21, 1927.

7:00 p.m.

9:00 p.m.

11:00 p.m.

1:00 a.m.

59.9

48.5

45

43.3

Car Precooler Stopped

1:30 a.m. 59.0 58.8 46.2

7:30 a.m. 57.0 56.8 51.3

August 21, 1927
9:30 a.m.

11:30 a.m.

57.2

59

57.3

58.8

51 5*

52 2

1:30 p.m.

3:30 p.m.

59.3

58.7

58.3

57 3

53.4

53.5 1

5:30 p.m. 58.0 57,3 53.7-,,,.,

* Six thousand pounds of ice added to car bunkers.

A test was also conducted with a car containing plums and grapes

as well as pears. The temperature of the pears in the mixed car

did not drop so satisfactorily as in the cars loaded with pears only.

The difference in the size of the boxes necessitated loading in such

a manner that continuous air channels extending from the bunkers

to the bracing and from the floor to the top of the load could not be

left between the rows of boxes. The temperature measurements indi-

cated that loading, stripping, and bracing, so as to form continuous

air channels, facilitate the lowering of the temperatures uniformly

and effectively during and after the operation of the car precooler.

These data are shown in table 9..
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TABLE 9

Changes in Temperature in the Ceinter of Packed Pears in a Mixed
Befrigerator Car Containing also Plums and Grapes, During and

After Operation of Car Precoo<ler (Mathews, California)

Average temperature in degrees Fahrenheit

Time of observation

In center of
pears in center

of box

In air

next to pears
in center
of box

In air sur-
rounding box

Date Hour
containing

pears

Precooler Fans Started

August 20, 1927..

2:30 p.m.

4:25 p.m.

6:30 p.m.

8:30 p.m.

58.5

44

44

42

Precooler Fans Stopped

August 21, 1927.

9:00 p.m.

9:30 a.m.

11:30 a.m.

2:30 p.m.

45

51.0

52

56

These observations agree with those of McKay (4) who pointed out

that loading different styles of packages together in one end of the

car obstructs air circulation and seriously retards refrigeration. The

natural circulation of cold air from the ice bunkers through the load

is, at best, slow and if open spaces are not left between the rows of

packages, to provide channels for the flow of cold air from the

bunkers toward the alley at the center of the car, the cooling of the

containers farthest from the bunkers is materially retarded.

The temperature of the air in the car tended to rise gradually

after the precooler was stopped, but during the period of observation

it remained below that of the fruit; the temperature of the fruit in

the center of the box, however, continued to drop slowly for some

time. The temperature of the air adjacent to the pears tended to be

slightly below that of the fruit.

Temperatures in Packed Grape Boxes.—Temperature measure-

ments were taken also of grapes loaded in refrigerator cars, as affected

by this method of car precooling. Thermocouples were placed between

the grapes packed in standard boxes, but not within the individual

berries. There was an appreciable drop in temperature of the grapes

in the car during loading; the cooling was more rapid during the

operation of the precooler ; and lower temperatures were reached than
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was found to be the case with wrapped packed pears. The air tem-

perature in the car of grapes did not, however, become so low as

that in the car of pears, probably because the air was more completely

circulated about the grapes, thus effecting a more rapid transfer

of heat.

TABLE 10

Changes in Temperature in Packed Grape Boxes in Kefrigerator Car, During

and After Operation of Car Precooler (Sept. 1, 1927,

Mayhews, California)

Time of observation

Average temperatures
in degrees Fahrenheit

In center of

grape boxes
In air

channels

p RECOOLER Fans Started

1:50 p.m. 60 8 54.2

2:45 p.m. 56.3 51 3

3:45 p.m. 55.4 52 3

4:45 p.m. 51.5 49 3

Precooler Fans Stopped

5:10 p.m.

7:50 p.m.

52.9

52 3

50 4

51 3

As shown in table 10, the average temperature in the centers of

packed grape boxes was lowered approximately 9° F, with only three

hours' operation of the car precooler. This drop in fruit temperature

was within about 2° of the air temperature surrounding the boxes.

The temperature change within a 3-hour interval after the precooler

fans were stopped, was insignificant.

Temperatures in Packed Boxes of Cherries.—In the study of cool-

ing cherries, small thermocouple points were inserted into the flesh

to the pits of cherries packed in the centers of each end of standard

cherry boxes. These boxes were placed in the top and bottom layers

at the bunker, at the bracing, and midway between bunker and
bracing positions in the car. Data showing the temperature drop in

the packed cherries and in the air surrounding the boxes as affected

by car precooling, are shown in table 11.

In the case of packed cherries, the car precooler lowered the tem-

perature of the fruit from 60° F to 43.3°, or a drop of nearly 17° in

six hours' operation. This is greater than was obtained with either



22 University of California—Experiment Station

pears or grapes, but less than with apricots. The average air tem-

perature in the car was lowered from 56° to 41.4°. As contrasted

with the other experiments the initial fruit and outside air tempera-

tures were relatively low. This may account at least partially for

the lower final temperatures attained. Furthermore, the small size

of the container and of the individual specimens of fruit no doubt

permitted more effective cooling. As opposed to this, however, the

tightness with which the individual cherries are fitted into the pack

retarded cooling as contrasted with that of apricots.

TABLE 11

Temperature Changes in the Centers of Packed Cherries Loaded in

Beerigerator Cars, During Operation oe Car, Precooler,

(Vacavikle, May 15, 1928)

Average temperatures,
degrees Fahrenheit

Time of observation In center
of cherries
in center of
packed boxes

In air

channels
surrounding

boxes

2:50 p.m. 62.2 62.4

Precooler Started

3:10 p.m. 60 56.0

4:00 p.m. 58.0 52.2

5:00 p.m. 53.9 48.2

6:00 p.m. 48 5 44.8

7:00 p.m. 45.7 43

8:00 p.m. 44.6 42.8

9:00 p.m. 43 3 41.4

Precooler Stopped

Temperatures in Packed Crates of Apricots.—In a manner similar

to that employed with cherries, temperature measurements were made
with apricots in the standard pack of four 5-pound baskets in a crate.

The data are shown in table 12.

With packed apricots, three and one-half hours' operation of the

car precooler lowered the temperature of the fruit from 78° to 64.4° F,

or a drop of nearly 14°. Simultaneously the average air temperature

in the car was lowered from 64.2° to 53.4°. The cooling of the apricots

was favored by the somewhat open type of container and by compara-

tively large free air spaces, which permitted freer air circulation

immediately around each fruit.
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TABLE 12

Temperature: Changes in the Centers of Packed Apricots, Loaded in

Eefrigerator Cars, During Operation of Car Precooler

(June 5, 1928, VacavillEi, California)

Average temperature
in degrees Fahrenheit

Time of
observation In center

of apricots
in center of

baskets packed
in crates

In air

channels
surrounding

crates

1:00 p.m. 79.2 75.3

Precooler Started

1:25 p.m.

2:25 p.m.

3:25 p.m.

4:25 p.m.

4:55 p.m.

Pre

78.0

75.9

70

66.5

64.4

cooler Stopped

64.2

59.4

55.9

54.5

53.4

Temperatures in Packed Boxes of Peaches.—In a manner similar

to that employed with the other fruits, temperature measurements

were made simultaneously in two refrigerator cars loaded with Levy

peaches wrapped and packed in standard boxes. One of the cars was

iced and used a car precooler, while the other was iced only. The air

temperatures outside the cars were relatively cool and without much
fluctuation, averaging about 60° F. The data are shown in table 13.

TABLE 13

Comparison of Temperature Changes in the Centers of Packed Peaches
Loaded in Eefrigerator Cars, One Iced Only, the Other Iced and with

Car Precooler in Operation (Sept. 12, 1928, Loomis, California)

Average temperature in degrees Fahrenheit

Time of

observation

In centers of peaches
in center of boxes

In air channels
surrounding boxes

Ice only
Ice and car
precooler Ice only

Ice and car
precooler

11:15 a.m.

1:15 p.m.

3:15 p.m.

5:15 p.m.

7:15 p.m.

56

52.6

53.4

54.2

54.2

54.2

60

51.8

50 4

48.3

45 8

44 6

52 9

48 3

49.3

49.7

44

40.8

41.4

40.2

38 6

8:15 p.m. 37 8
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During the nine hours that the cars were under observation the

temperature drop of the peaches in the car, without the precooler,

was less than 2°, while that in the car using the precooler was over

15°. Apparently the refrigeration capacity of the first car was nearly

all used in preventing a temperature rise due to self-heating of the

fruit.

SECOND TYPE CAR PRECOOLER STUDIED

The second type of car precooler studied made use of a large fan

blower mounted outside the car. The air from the blower was led to

one of the hatches at one end of the car by means of a large canvas

Fig. 9.—A portable type of car precooler using collapsible canvas air ducts
and portable blower for circulating the air through the ice bunkers and fruit com-
partment of the standard refrigerator car. The air is drawn out of one hatch
at one end of the car by a power-driven blower mounted on a truck and forced
down through one of the hatches at the other end of the car.

pipe and was returned from a hatch at the opposite end by a similar

pipe reinforced to prevent collapsing. Within the car, the air from

the inlet hatch was forced downward through the ice, out at the bottom

of the bunker, through the fruit to the bottom of the other bunker,

and up through the ice to the outlet hatch. The short-circuiting of

the air across the top of the load was prevented by tacking canvas
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over the openings in the bulkhead at each end of the car. Observations

were made with this type of car precooler upon tomatoes and canta-

loupes in southern California.

Temperatures in Packed Boxes of Tomatoes.—Tests were made

near Ojai, California, on a car of packed, hard, green tomatoes, by

placing thermocouples in the air spaces and within some of the

tomatoes. The car was loaded and braced by 5 o'clock in the after-

noon, 75 pounds of salt were added to the ice of the air inlet bunker,

and the precooler was connected with the hatches (fig. 9), the

engine being started at 6 o 'clock. The outside air temperature at this

time was 72° F, but dropped rapidly after sunset. The temperature

of the tomatoes as they were loaded varied from 68° to 78.8°, with an

average temperature of 71.8°. The data showing the average air and

fruit temperatures during the operation of the car precooler are given

in table 14.

TABLE 14

Temperature Changes in the Centers of Packed Tomatoes, Loaded in

Befrigerator, Cars, During Operating of Car, Precooler

(October 3, 1927, Ojai, California)

Temperat ires in degrees Fahrenheit

Time of
observation In center

of tomatoes
In air channels
between stacks

In air

in bunker

6:00 p.m. 71.8 63.5 40 8

6:30 p.m. 68.4 494 35.5

7:40 p.m. 65.4 46.6 34.5

9:30 p.m. 62.6 46.2 43 3

10:30 p.m. 61.3 45.5 42.8

11:05 p.m. 60.1 44.4 32.8

At the close of the five-hour period during which the car precooler

was in operation, the temperature of the packed tomatoes varied from
55° to 64°, depending upon the position of the box in the car and of

the tomatoes in the box, those on the outside of the package being

cooler than those near the center: the average drop in temperature

of the tomatoes was, however, somewhat over 11°.

Temperatures in Packed Crates of Cantaloupes.—In one of the

tests made at Brawley, California, the' car was iced at 9 :30 p.m. of one

day, re-iced at 8 :45 the following morning, and loaded throughout the

day with crates of "choice" (mature and ready to eat) cantaloupes.

When the car precooler was started, the bunkers contained about

7,000 pounds of ice, to which approximately 150 pounds of coarse salt

had been added. Average data obtained are presented in table 15.
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As shown in table 15, the average initial temperature of the canta-

loupes was 75.2° F and after six hours' operation of the car pre-

cooler it was 54.8°, or about 20° lower. This resulted in the reduction

of ice in the intake bunker from about three-fourths full to one-eighth

full, and in the outlet bunker from three-fourths to two-fifths.

TABLE 15

Average Temperature Changes During Operation of Car, Precooler at the
Centers op Packed Cantaloupes in the Centers op Crates Loaded in

Refrigerator, Cars (June 12, 1928, Brawleiy, California)

Time of
Average temperatures in degrees Fahrenheit

observation
In melon In air in car Average outside of car in shade

5:30 p.m. 79.8 82.1 97

5:40 p.m. Car doors closed.

5:45 p.m. 78.3 77.8 96

5:45 p.m. Precooler started.

6:00 p.m. 75.2 61.7 95

7:00 p.m. 68.4 53.2 90

7:05 p.m. Ice tamped down in each bunker.

8:00 p.m. 64.4 52.7 84

8:30 p.m. Ice tamped down; 100 pounds salt added to bunkers. Inlet H full;

9:00 p.m. 61.5 51.8 85 outlet^ full.

10:00 p.m. 59.1 51.2 80

11:00 p.m. 56.9 51.8 81.5

11:30 p.m. Ice tamped down; 125 pounds salt added to bunkers. Inlet Y% full.

12:00 a.m. 54.8 49.1 80 outlet^ full.

12:05 a.m. Precooler stopped.

12:40 a.m. 55.9 57.25 79

In another test the car was iced at 8 :30 p.m. of one day and loaded

with crates of "choice" and "fancy" (half-ripe) cantaloupes on the

following day. The bunkers were about five-eighths full of ice when

the car precooler was put into operation in the afternoon. Approxi-

mately 250 pounds of salt were initially added. The outside air

temperatures were somewhat higher than those during the first test,

and the period of precooling was slightly longer. The data are

averaged in table 16.

The data in table 16 are comparable with those presented in table

15, except that the temperatures attained were not quite so low, pos-

sibly because the car was not re-iced before the operation of the car

precooler, and because the outside air was a few degrees warmer.

As shown in tables 15 and 16, the ice in the bunker at the inlet duct

melted more rapidly than at the outlet; hence, where feasible, the

direction of air currents should be reversed so as to make the best

use of the ice. Data showing the temperature changes effected by
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TABLE 16

Average Temperature Changes During Operation of Car, Precooler, at the

Centers of Packed Cantaloupes, in the Centers of Crates Loaded

in Refrigerator Cars (June 22, 1928, Brawled, California)

Time of

Average temperatures in degrees Fahrenheit

observation
In melon In air in car Air outside of car in shade

4:00 p.m. 77.7 81.1 104

4:15 p.m. Precooler started.

4:20 p.m. 76.2 68.9 104

5:10 p.m. Ice tamped down; 50 pounds salt added to inlet bunker. Ice about same.

5:15 p.m. 73.4 59.5 102

6:00 p.m. 72.3 55.8 100

7:00 p.m. 69.9 53.8 93

8:00 p.m. 67.7 52 3 91

8:30 p.m. Ice tamped down; 50 pounds salt added to inlet bunker. Inlet % full;

9:00 p.m. 65.4 50.1 90 outlet Yi full.

10:00 p.m. 63.0 49.8 86

11:10 p.m. Ice tamped down; 125 pounds salt added to both bunkers. 1 foot ice left

in inlet.

11:30 p.m. 61.0 48.6 82 2 feet of ice left

in outlet.

11:40 p.m. Precooler stopped.

11:45 p.m. 60.7 51.0 82

TABLE 17

Average Temperature Changes During Operation of Car Precooler, at the
Centers of Packed Cantaloupes, in the Centers of Crates Loaded

in Refrigerator Cars (Junei 25, 1928, Brawley, California)

Average temperatures in degrees Fahrenheit

Time of Inside of car
observation

car in shade
In melon In air

2:30 p.m. 75.2 84.5 105

2:40 p.m. Precooler started.

2:45 p.m. 72.1 73.0 105

3:40 p.m. Ice tamped down; bunke rs Ys full of ice.

3:45 p.m. 65.2 57.3 106

5:00 p.m. 60.3 53.4 106

6:00 p.m. 56.8 49.1 98
6:27 p.m. Precooler stopped; doors opened; direction of air cur rent reversed.
6:42 p.m. Ice tamped down; 75 pou nds salt added to inlet bun ker (now outlet bunker);

150 pounds salt added to outlet bunker (now inlet bu nker); new inlet bunker %
full of ice; and new out let bunker ^2 full of ice.

7:00 p.m. 54.6 51.4 97
8:00 p.m. 52.25 46.4 96
8:35 p.m. Ice tamped down in new inlet bunker.

9:00 p.m. 50.0 44.9 94
10:30 p.m. 46.9 42.8 88
10:35 p.m. Precooler stopped.

10:45 p.m. 47.0 43.8 88
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reversing the air currents are presented in table 17. About 100

pounds of salt were added to the bunkers just before starting the car

precooler.

The data in table 17 indicate that reversing the air currents aids

the cooling of cantaloupes.

COMPARISON OF DIFFERENT SYSTEMS

From the standpoint of temperature conditions, cold storage ware-

houses provide the best method of precooling fruit. The use of

refrigerating machinery for cooling the circulating air and the accu-

rate temperature control are most effective in removing the heat from

fruit placed in cooling rooms. These warehouses carry on a successful

business in districts having other refrigeration demands and offering

cheap transportation from the orchard to the warehouse. The ware-

house also furnishes a means for holding the fruit until favorable

market or shipping conditions exist. Because of the comparatively

large investment necessary to conduct a cold storage business, ware-

houses equipped for precooling and storing fruit are not found in

any except heavy fruit-producing areas and in the larger commercial

centers.

Portable precoolers depend upon the ice in the refrigerator car

for refrigeration and are therefore limited to temperatures obtainable

with melting ice. They generally work under the disadvantage of

short-time operation, for the warm fruit is cooled after it has been

loaded in the car, and the car is removed from the yard as soon as

possible. They cannot then be expected to cool to as low tempera-

tures as is possible with the warehouse type, but have their direct

application where no storage plant is available.

Some of the portable precoolers are adapted to use in the packing

house and are capable of being moved from one car to another, but

are not constructed to be moved across country. Others are mounted

on trucks and can be taken to cars as they stand in the yard. In

general, the warehouse types operate under more favorable conditions,

but both types of car precoolers tested will effectively remove the first

heat if operated for ten or twelve hours, and will be helpful in reduc-

ing the temperature in the car if operated six or eight hours.
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FIELD AND PACKING HOUSE TEMPERATURES

Since the heat in fruit is comparatively difficult to remove after

packing, the temperature at which the fruit is packed becomes of

increasing" importance. In this connection the fruit temperature in

the field and the effect of harvesting and handling methods upon

the final temperature suggest possible modifications in the picking

and removal of the fruit from the orchard and in storing it prior

to packing. The temperatures of Winter Nelis pears during the

harvesting period while on the trees, are shown in table 18.

TABLE 18

Temperature Differences of Winter Nelis Pears in Different Positions on

the Tree, and of the Air (August 19, 1927, Mayhews, California)

Position on tree Hour of day Temperature
of fruit

Air
temperature

Difference
between fruit and
air temperature

Sun .'. 9:30 a.m.

11:43 a.m.

11:45 a.m.

1:50 p.m.

1:50 p.m.

4:20 p.m.

4:20 p.m.

5:15 p.m.

5:15 p.m.

6:50 p.m.

6:50 p.m.

Degrees Fahr.

68

94

83.0

102

88

109.5

91 5

100.5

91 5

81.6

73.0

Degrees Fahr.

66.0

90

81

96.0

91.5

97.5

92.5

92.5

88.5

79

71 5

Degrees Fahr.

+ 2.0

Sun + 4

Shade - 1

Sun + 6.0

Shade - 3 5

Sun + 12

Shade - 1

Sun + 80
Shade + 30

+ 56
. + 15

The data in table 18 show, as would be expected, that the fruit

temperatures became increasingly higher throughout the day until

late in the afternoon. The temperatures of the pears in the sun were

as much 12° higher than the air temperatures in the sun, as a result

of the heat from the rays of the sun being absorbed and retained.

On the other hand, until late in the afternoon, the temperature

of the fruit in the shade tended to be slightly cooler than the corre-

sponding air temperature. This may have resulted first from the

tendency of the fruit to lag behind the air both in warming up and
in cooling off; and, second, from the cooling effect due to transpira-

tion of water from the surface of the fruit.

The orchard temperatures of the pears were of course reflected in

the temperatures of the fruit brought to the packing shed during
different hours of the day. As Anjou pears were brought from the

field to the unloading platform of the packing shed the average tem-
peratures were taken ; these data are shown in table 19.
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table 19

The Temperatures at the Packing House of Anjou Pears Brought from

the Fielj> at Different Hours of the Day (August 19, 1927,

Mayheiws, California)

Hours delivered
to packing shed

Average
temperature

of fruit,

degrees
Fahrenheit

9:00 a.m. 70

10:00 a.m. 75

11:15 a.m. 78

1:00 p.m. 80

3:50 p.m. 86

4:30 p.m. 89

5:20 p.m. 91

6:10 p.m. 92

7:00 p.m. 88

8:45 p.m. 77

There were differences of as much as 22° in the temperatures of

the delivered pears, depending upon the time of the day the fruit

was picked. After being placed in the packing shed, however, the

loose fruit in lug boxes from the field gradually attained the tempera-

TABLE 20

Average Drops in Temperature in the Centers of Packages of Different

Fruits in Refrigerator Cars During Operation of Car Precoolers

and in Warehouses; Degrees Fahrenheit

Kind of fruit

Wrapped, packed boxes of pears

Grapes packed in lug?

Wrapped, packed boxes of oranges

Wrapped, packed boxes of pears

Grapes packed in lugs

Packed boxes of cherries

Packed crates of apricots

Wrapped, packed boxed peaches

Wrapped, packed boxed peaches

Packed boxes of tomatoes

Packed crates of cantaloupes

Method of

precooling

Warehouse

Warehouse

Warehouse

Car-precooler..

Car-precooler..

Car-precooler..

Car-precooler..

Car-precooler..

Iced car only...

Car-precooler..

Car-precooler..

Hours
of pre-
cooling

45.0

33.0

64.0

6.0

3.0

6.0

3.5

7.0

7.0

5.0

6.0

Initial

fruit

temper-
ature

68.6

59.5

74.0

69.5

60.8

60.0

78

60.0

56.0

71.8

71.9

Initial

temper
ature of
cooling

air

39.0

40.4

35.0

67.8

54 2

56.0

64.2

44

52.9

63.5

67.8

Final
fruit

temper-
ature

34.2

34.7

34.9

59.7

51.5

43.3

64.4

44.6

54.2

60.1

54.9

Final
drop in
fruit

temper-
ature

41

53

37.8

49.7

44.4

47.2

Total
drop in
fruit

temper-
ature

34.4

24.8

39.1

9.8

9.3

16.7

13.6

15.4

1.8

11.7

17.0

ture within the shed and followed shed temperature changes rather

closely. Representative specimens of this same fruit were left in the

packing house overnight, and the next morning the temperature of

the fruit in open lugs averaged 60.8° F. This was nearly 10° colder
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than the coolest fruit brought from the field the preceding day, and

31° cooler than the warmest fruit.

In many of the fruit-growing sections of the state, during the

harvesting season, there may be as much as 50° difference in air

temperature between the cool hours of the night and the warm hours

of the day. It therefore appears to be desirable, when packing house

space, loading facilities, car supply, and working conditions permit,

to store the fruit picked overnight in the cooler, ventilated parts of

the shed in the afternoon.

As a result of the lower night temperatures and the exchange of

air surrounding such loose fruit in lug boxes when properly placed

to permit ventilation, it can be packed the following morning at a

lower initial temperature than would be attained with eight hours of

car precooling. Then with the proper use of car precoolers the fruit

could be further cooled and started on its journey in a condition

approaching the temperatures that are desired en route.

SUMMARY AND CONCLUSIONS

1. In the warehouse, when the pears were surrounded by air

currents having temperatures of 30° to 35° F it required from 45 to

50 hours to cool the centers of the fruit packed in the centers of

standard boxes, from 60°-75° F down to 33°-35° F. Extraction of

the heat from wrapped, packed pears is primarily by conduction.

2. Packed boxes of grapes cooled somewhat more rapidly than did

packed boxes of pears. With grapes the individual fruits were not

so tightly packed together and were unwrapped. Grapes were cooled

from 60° down to 35° F in about 33 hours in a warehouse.

3. The precooling of wrapped oranges packed in standard orange

boxes required more time than did any of the other fruits studied.

Oranges in the centers of each half of the divided orange box were
cooled from 74° down to 35° after about 64 hours' storage in ware-
house temperatures of 33° F.

4. Warehouse precooling is adapted to concentrated fruit areas,

shipping terminals, or commercial centers, while the portable type
of cooler is adapted to those areas not having warehouse facilities, and
to small shipping centers or individual packers.

5. Loading of different styles of packages together in one end of

the car obstructs air circulatoin and interferes with the effectiveness

of car precoolers and the natural circulation of cold air from the ice

bunkers.
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6. When the individual fruits of a package are wrapped and

tightly placed together, the rate of cooling is retarded as contrasted

with that of fruit which is unwrapped and loosely packed. The wrap-

pers serve as insulators and also reduce the space for air movement,

and heat is of necessity removed primarily by conduction. Open pack-

ages and loose packs permit convection currents, and thus facilitate

the removal of heat.

7. Small fruits cool somewhat more rapidly than large fruits. The

small fruits have a larger surface per unit of volume, and this permits

of more rapid reduction in temperature.

8. Packed, wrapped pears in the centers of standard boxes were

cooled from 69.5° to 59.7° P with 6 hours of operation of a car pre-

cooler when the car was loaded only with pears. In a mixed load,

containing plum, grapes, and pears, the temperature of the pears in

the center of the boxes was lowered from 67.5° to 63.5° with six hours'

operation of the car precooler.

9. Grapes in Los Angeles lugs were cooled from 60.8° to 52.3° F
within three hours. Additional data for cherries, apricots, peaches,

tomatoes and cantaloupes are shown in table 20.

10. Wrapped, packed peaches with ice only dropped 3.4° in two

hours after loading; when a car precooler was operated during the

same interval of time the temperature of the peaches in another

similar car dropped 8.2° F. The fruit in the car with the precooler

continued to cool through the afternoon while that in the plain iced

car warmed up, until after 7 hours of operation the drops were 1.8°

and 15.4° respectively.

11. The importance of the initial fruit temperature as influenced

by the time of day the fruit is harvested and packed is emphasized in

view of the comparative difficulty in removing the heat after the

fruit is packed.

12. It costs in addition to transportation charges about $105.00

for the delivery of a pre-iced car with average re-icing en route, to

Chicago. The delivery of a dry car costs $21.00. To manufacture

and put ice in a dry car costs about $4.50 a ton. The icing with

15,000 pounds would cost about $34.00, and this plus the initial cost

of the dry car would effect a saving of about $50.00 when the car

was not re-iced en route.
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