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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

-Stage Icing in the Refrigeration of Oranges
in Transit from California®

By C. W, Mawn, senior pomolagist, 1, A. Gonrwman, Tn., principal seientific aide,
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IMPROVING REFRIGERATION OF ORANGES IN TRANSIT

Wartime congestion of traflic on American railroads has serigusly
affected the movement of perishable {reight as well as other commodi-
ties. This congestion has placed such 2 heavy hurden on the rail-
roads that every. means of relieving the situation is being explored in

" order fo release motive power needed to move war maiorials as
well as ordinary commiercial shipments. The greally  increased
demand for all kinds of food, particularly the so-called proteclive
foods like citrus fruit, which are highly imporlant from & health
standpoin$, makes it desirable to adopt the most eofficient means of
transporting them. Otherwise the supply to people whe live at &
distance from the producing arcas may be curtailed because high

__fransportation costs’ and the use of relatively inefficient methods
make 15 unprofitable for produeers to continue to ship to those markets.

“Studies reported in this bulletin show how California orange shippers
-ean safely reduce the amount of ice they use, particularly in the newer
types of refrigerator cars, by placing ice in only the upper half of
tge bunkers. This practice, called stage icing or upper-hali-bunker

.1 Bubmitted for publication April 0, 1083 This work was conducted under the general dirertion of

I, B, Fisher, principal hortieulturist in charga of investigalions on Lhe Randling, storege, snd fronsporta-
tiont olindis end vegetabley, Speeial ncknowisdpment is aade of £he genvrous caoperation extended Ly Lthe
Califorpis Fruit Growers Exchange, the Pecifie Fruit Express Co., and the Santa Fo Refrimerator Depart-
ment and also by tie Bputhern Pacific (o., Uidon Paclile R, R., Atchizon, Topeka, and Sants Fe Ry, the

. Chicage, Rock Taland, aud Pacific Ry, Co., inols Cenlral R, ., the Belt Ry, Co. of Chlcapp, the Indigna
Harbor Beit R. R. Co., BErie R. R., an) comtecting raidronsd lines ovor whigh Lie tests were conducted.
D. F. Fisher, W. C, Cooper, C. J. Thompson, E. b, Hervey, C. 0. Bragley, J. 8. Wiant, and other memrhers

of thestail of the Divisien of Fruit amd Vegeiable Crops and Diseases, Rurcau of Dlant Industry, Sgils, and

- Agricalt ngincering, actively sssisted in the investigatiou. M, P, Alasure, lormerly of this Division,
T hf xﬂéon?. Grean, formerly of the Buresy of Agricudumal Chetnistry pnd Enginecring, also assisted in
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icing, is in renlity a most simple one, involving no special equipment
ip the newer cars and requiring no compiicated description. s

Stage icing not only reduces the ice bill but also saves needless
freight costs—economies that vary in amount with the different:types
of refrigeration. Choice of a relrigeration service depends on the
weather or the season of the year, the distance to the particular
market, the kind of refrigerator car availabie and its physical con-
dition, the condition of the fruit, and frequently the buyer’s specifi-
cations. Whatever the choice, however, the possibilities of stige |
icing are too important to be overlooked. Considering that -the .
refrigerated orange shipments from California amount to more than
50,000 cars annually and that ice costs $3.50 to 35 a ton, one can
estimate the savings from stage icing, in the cost of ice, at nearly-a

million dollars to the fruit industry. At the same time the .dead " &'

weight that must be hauled in order to protect the load adequately

during shipment is reduced by as much as 6,000 to 9,000 pounds per--.. . ;

car, depending on the type of refrigeration service. The possible
saving to the railronds is also important because the unused ice left
in cars with full-bunker icing when they are unloaded is ordinarily
allowed to melt as the ropty cars are havled back to California—
a wasbe of molive power that can ill be spared under war conditions.

The use of stage icing as a standard practice will be facilitated by
an understanding of its development and of the experiments that
demonstrated its value. .

The refrigeration of citrns fruits in transit from California became
organized as a protective service through the early attempts of frmit
growers and operators of privately owned refrigerator cars to deliver
the fruit in sound condition to markets in thegMiddle West and the
Bast. The advent of the refrigerator car in California in 1888 made
possible a change in the method of transporting citrus fruits from-the
relatively costly expedited-freight and ventilated-express service to
shipment under refrigeration on slower freight schedules. '

Thus was developed the standard refrigeration service under which
the bunkers of the cars are re-iced at all regular icing stations en
route, usually at least once every 24 hours. This service was intended
to provide maximum protection [or the more perishable agricultural
products. For many years oranges had been considered in this cate-
gory. Aslong as the prices received from the shipments yielded good
profits to the growers and particularly with the earlier types of re- 3
Irigerator cars, the necessily of using standard refrigeration was not °
seriously questioned, However, when returns began to shrink under
the influence of greatly increased production and shippers had to cut
costs, the United States Department of Agricullure was requested
to start investigations to develop more economical methods.of ship-
ping oranges. As a result of these studies it was determined that
California oranges are less exacling in their temperature requirements
than most other fruits and that satisfactory market condition is .
obtainable by shipping them at an average transit temperature of
50° F. or lower, the rate atwhich the fruit is cooled being an important
factor in preventing decay and in retarding softening and aging.? .

The changes in the use of various refrigeration services for oranges
and grapefruit in California in recent years are indicated in the record.

3 M any, O.W,, ond Coorer, W. O, REFRIGERATION OF QRANGES IN TRANSIT FROM CALIFOANLA .8,
Dept. Aer, Tech Pul. 505, 88 pln, Hlus. 1036
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. .of shipments presented in table 1, which also shows the number of

ecarlonds moved under ventilation. The tsble includes about 72
percent of the total shipments for the three seasons, 1928-29, 193233,
‘and 1940-41. Tt is based on the shipments of the California Fruit
.Growers Exchange, as carload shipments of other shippers were not
“available. 'The extent to which the modified refrigeration services
tested in the earlier investigations have replaced standard refrigera-
fion for citrus fruits in Califernia can be seen by comparing the
total shipments forwarded sccording to the methods used in the
. 1192829 season and those of 1940-41. All of the iced shipments

‘listed in table 1 moved under full-bunker icing.

Some preliminary studies of upper-hall-bunker, or stage, icing of
oranges and lemons were made in 1934. Half-tank refrigeration
(stage icing) was already employed in the transportation of bananas,
coconuts, and certain packing-house products, aund had formerly been
used fo o limited extent for shipmenis of Floride oranges and of
apples and other fruits in Virginia, Miehigan, and Colorado.?

The study of stage icing, in comparison with full- and lower-half-
bunker icing, of oranges in transit from Calilornia to New York was
condinued from 1936 to 1041 under various weather conditions.
Stage icing was found to compare favorably with [full-bunker icing
in its effects on the rate of cooling of the fruit during transit.  In all
tests the topJayer temperatures were satis{actory for the control of
decay and softening, regardless of the weather, Lower-hall-bunker
icing, on the contrary, was found to give fruit temperatures in the
upper part of the load from 8° to 10° F. higher than were given by
upper-half- or full-bunker jeing and correspondingly move favorabie
conditions for softening and deeny

Refrigeration of orauges in transit is ohtained only from ice that is
melted. Since this meltage was found to occur chiefly in the upper
Half of the bunkers, the actual surplus ice hauled between regular
icing stations under standard refrigeration service is represented by
the amount remsining in the bunkers when cars arc re-iced. In
these tests comparatively little of the ice in the lower hall of the
" ‘bunkers was melted in the refrigeration of nonprecooled oranges for-

warded under standard relvigeration serviee.

Under full-bunker icing, standard refrigeration, the ice is kept at a
-high level in the bunkers by frequent re-icing, and this can be accome-
phished most economically by raising the grates for stage, or upper-
.haH-bunker, icing. Stage icing reduces the average weight of ice
that is hauled in the bunkers 50 percent or more aud the gross weight
of fruit and ice that is hauled by more than 12 percent.

The average weight of the ice bauled from California to Jersey City

~ in upper-half-bunker icing of precooled fruit was usually little more
than one-third thet of full-bunier icing. Fruit that was precooled to
about 40° F. or lower and forwarded in refrigerator cars having 6,000
%0 7,000 pounds of block ice in the upper haif of the bunkers usually
required no redcing ;. route during a 10- to 12-day period. In very
warm weather, bowsever, such shipments, if made in the older type
cars, may require re-icing with 1 to 2 tons of ice. Re-icing may also

-, be necessary in warm weather for shipments which are subject to

“delay en route or arc held ou track ab destination.

1 KKI.L.'GT, F.N. THE DEVELODPMENT OF THE REFHIGERATOL CATL AND TS USE IN THE BANANA INDUSTRY.
Chicago Car Foremes's Assoe, Proe. 34: y7-23. 1606
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TABLE 1.—Shipmenits of oranges end grapefruil under various methods of refrigeration

[T'otal shipments reported by California Fruit Growers Exchange; they asmount to about 72 percent of the total for Californin and Arizoia]

Total November December January TFebruary March April
Type of service R — —
1028-29 ¢ 16 i 193:-33 § 104041 | 1032.33 | 1940—‘.1 1632-33 I 104041 | 1032-33 | 1940-11 } 1932-33 | 194041

{

Number | Number | Number  Nwmber Number  Number Number Number , Number | Number | Number Number Number
Standard ventilation. ... .ooeo e ..p 2,710 1,708 2, 516 3, 140 2, 396 2, 502 2,494 1,416 2,535 258 1,755 227
Standard refrigeration: :
Dry-car-108ded. .. ooooocaneeeimeene ool 30,861 44 10 0 0 0
Pre-iced by carrier. ... ..o 1,171 21 103 0 0
Precooled and pre-iccd by s)nppor. 193
0
0

-~

No re<eing in transit.._.._. ... .. U A & ()] 5 433
1 re-feing in transit_. o . L 0 1
2 re-ieings in transit 10 . e 0
Precooled and initially 1ced by carrier:
No-re-Jeing in transit. . ..
1 re-icing in transit. .
2 re-ieings 1n transit i
Precooied only by earrier (“1o not iee™
Pre-iced or iced after loading by carrier:
No re-icing in transit
1 re-ieing in ransit. .
2 re-icings in transilt ..
Pre-iced or iced after loading hy shlppor
No re-ieing in transit. .
1re-icing in transit. .. __.
2 re-icings in. transit !
Pre-iced and replenished af first § 1cmg stutxon b3 carrier:
No re-ieing in transit...____. ... . .. -
1 re-jeing in transit...
2 re-icings in transit 1
Pre-iced ear furnished, precooled, and replenished after
precooling by carrier:
No re-icing in transit
1 re-jcing in transit. .
2 re-ieings in fransit I

0
0
0
1]
0
0
U
0
0

DA
OO0 OON OO0 OO0 O o

COoC o000 OO COOD OO0 O
-1
=3

OO DOwm OO~ COoODWw OO0 OO

[}
coo o888 owa
con oo

4,012

T

1 Made available with shipments of March 25, 1941,

45‘&1',1\1?’1‘[101&9&’ Jd0-LdEd 'S 1L ‘228 NILETINE TVOINHO UL
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TABnE 1 —Sthments of oranges and grapefruit under varigus methods of refrzgeratwn—ﬂ’ontmued
[Total shipments reported by California Frult Growers Exchange; they amount to about 72 percent of the total for California and Arlzonu]

May Tune Tuly August Soptember 79 Qetober | - ’_l‘otsii shipments

Type of service

1032-33 | 194041 | 1932-33 | 104041 | 1032-37°¢ 104041 | 1932-33 ‘ 194041 | 1032-33 | 104041 | 1832-33 | 1040-41 | 1932-33 | 1940-41

03 -
Nigmber | Number | Number | Numlier | Number [ Number I\‘umbrrll\’umber Number | Number | Number | Number | Number | Number
Btandard ventilation. .. ... oo csieeonn. 1,150 159 1,034 8 540 13 333 2 231 4 317 42| 18,011 9,479

] .- 2 i 21 1] 40 0 1 126 31
Pre-iced by carrier. . 0 2 4 2 188 193 26 523
Precooled and predced pper: .
No re-icing in transit. 977 s | , A 9,080 | 18,394
1 re-jeing in transit... . . [i] 39 0 35 Q 72 Q, Q 18 2 62 2 543
2redcingsintransit .. ... .. . 0 : 0! 0 2
Precooled and Initially iced by carrier: . : :
Noredeinginteansit ... .. . : 311§ 3 215 2,404 3,361
1xe-ieing in transit....._.... . : 01 ; 499 : 7. g 2,549 1,993
2 re-icings in transit ! IO 0 ! 0 Q [\ 242
Precooled only by carrier (Do not fev™)... } 0 0 0
Pre-iced or iced after losding hy carrier: i
No re-icing in transito....._.__ 3 2 5 ; 25 480
1 re-ieing in transit. .. . Lo 103 ! 5 2 183

&
2 re-icings in transit 1 . 8 0! 0
Pre-iced oriced after Joading by shx])per : ; : i !
No re-deing in fransit. ... ... .. i i 2 H 222 7 ; 1,028
1redefngintransit__ . ... .. ... 26 198 46 192 ; 7 24 1,377
2 re-icings in transit}o. __ 2 0 0 i 0 : 0
Pre-iced and replenished at first Jcmg station’
by carrier: ! ; ;
No re-ieing in transit._.. B e f 366 732 74 | 157 y : 1,533
1re-icingin transit... - ... L. 301 360 . 515 163 | 1,851
2 re-icings in transit 1. ___. 0 0 0 0 0 01 0
Pre-iced car furnished, procoo]ed and roplcn- i
ished after premolmg hy carrier: :
No rc-xcmg intransite. .. .. ... ..o. 137 209 144 3 206 195 | 194 i 1,147
1 re-icing in transit__. .. 723 168 970 1,304 ]8T 37 833 i 836 1,384 A
2 re-icings in transit 1 e 60 0 211 0 183 [ ; 0 383 : 400 0 1, 592

0, 418 ’» 4,404 5 83 3,978 6, bu7 3,772 : 3 © 5,528 0 4,241 ) 5,255 | 42,083 | 50,368

+

SEONVHO 0 NOILVHEDIHIRS NI DNJOI -BOVEIF .

1Made avsilable mm shxpmcnts of ‘\Iurch 25, 1041,




G TECHNICAL BULLETIN 857, U. S. BEPT, OF AGRICULTURE

When shipments are to be held on track it is cheaper fo re-ice at-
destination than to.haul this ice across the country. Im re-icing at
destination upper-half-bunker icing msakes it possible to protect
shipments by the use of less ice than is required in full-bunker icing.

Re-icing under upper-half-bunker icing service may be avoided on
practieally sll dircet shipments of precooled, pre-iced fruit to eastern
marlkets if those shipments are made in the more heavily insulated
refrigerator cars of reeent construction, Most of the refrigerator
cars built or rebuilt since 1936 have been equipped for stage icing as
a result of the earlier tests deseribed herein. :

In the block icing of precooled oranges under full-bunker icing
service, from 12,000 fo 14,000 pounds of icec iz placed in the car
bunicers. Under upper-half-bunker icing the weight of the ice, or
the nonrevenue freight load, may be rednced 50 percent.or more.
The tests indicate that only a smell proportion of precocled shi
ments under stage icing require re-icing in transit and that it shou})'fi
be more economical for the carriers {o forward these shipper-pre-
cooled, pre-iced loads under stage icing service than $o haul full
bunikers of ice from the loading point. :

Records taken in the tests showed that in shipments of nonpre-
cooled oranges under full-bunker icing, standard refrigeration, which
are re-iced 9 or 10 times between Californin and New York, the
buniters ave usually about seven-eighths full of ice when the cars
arrive. When the cars srve unloaded promptly on srrivel, from
8,000 to 8.000 pounds of unused 1ce is left in the bunkers. With pre-
cooled, pre-iced shipments forwarded in eflicient cars directly to aune-
tion marlets without re-icing, the surplus ice remaining in the bunkers
when the cars ave unloaded often amounts to 6,000 to 8,000 pounds.
The back hauling of this ice, which is sometimes not completely
melted until after the ears reach California, increases the cost of the
refrigeration service to the railroads and indirectly to the shippers
through tariff rates.

Tests with cars eguipned with fans showed that more efficient
refrigeration was obtained in such cars than in standard refrigerator
cars. Flowever, the fruit tends te warm up if the cars are not un-
loaded promptly after veachiog destination, because the fans operate
only while the cars ave in motion.  In fen-equipped cars it was possible
to obtain as good refrigeration for a 693-box load as for a 462-box
load without fans. This finding is important because the shortage
of refrigorator cars during the present emergeney makes 16 necessary
to increase the size of the load.?

When fans are used the air circulation is not dependent upon
natural convection, and in this case the location of the ice is not very
important. The air velocities are greater than with natural eireu-
lation. The air moves past the ice much more quickly and has less
time to be cooled.  IPor this reason the longer exposure to-the larger
mass of ice, which Is provided in a full bunker, may result in lower

air temperatures than the limited exposure in half-bunler icing, when .

foreed circulalion is used.

UThe minimum lond now preserited by the Office of Tofense Transporiation is 2 fayers of boxesonend
(the oid stundard lond) plus Y layer Qat, covering the enthye pren of tie lopding space; this amounts to 57
boxes Fur mosk oars.
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STAGE ICING IN REFRIGERATION OF ORANGES

EQUIPMENT AND METHODS

- In the investigation reported herein the tests were planned to
compare upper-half- or lower-half- with full-bunler icing and to show
- the relative effectiveness of the three methods. The effecis of these
méthods of icing on the eirculation of air in the car were studied on
g number of test trips by use of electric anemometers, the readings
being taken in the air channels under the floor racks (fig. 1). The
.air-velocities 18 or 24 inehes in front of the bulkhead of the ice bunker
.in the forward end of the car were determined for upper-half-, lower-
‘hal-, -and full-bunker icing. These were correlated with the fruit
‘and air temperatures, and data were obtained on the effect of dimin-
Jisbing ice in the bunkers on the circulstion of air in the car.

These transit tests were conducted during different seasons of the
year in cool, moderate, and hot weather. Records of fruit and air
temperatures under tbe various methods of refrigeration were ob-

.. tained (fig. 2). The amount of ice melted n transit and that remain-
- . ing in the bunkers at destination and later when the fruit was unloaded
-were also recorded for ecach shipment.

Frit and air temperatures were recorded ab intervals of 6 to 8
“hours during the trip from California to Jersey City, N.J. Tempera-
ture readings were taken with electric resistance thermometers (fig.
3, A), each set consisting of 12 thermemeter bulbs and a master

. 2

e

e . i

Figuae 1.—Interior view of refrigerator ear with fioor racks in one end raised
to show open chanznels under the racks formed by 2- by 4-inch supports, cross
sints, and openings into ice bunkers.

536604°—43—2
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Frours 2.—Weighing ice and filling the bunkers of refrigerator test cars. ‘The
blocks of ice were chopped into 20- to 50-pound pieces.

cable. The bulbs were inserted in the pulp of the fruit at 8 or 10
different locations in cach car or were suspended in the air at certain
key positions (fig. 3, B). -

In some cases two or more sets of thermometers were used in the
same car to obtain femperature readings at additional locations.
The thermometer leads were connected te a master cable which
extended to the running bhoard on top of the car, where readings -
were taken with o suitable indicator.

Fruit temperatures were taken in the lower halves of the boxes in
the bottom Iayer of the load and in the top halves of the boxes in the
top layer. (See p. 9 for method of stowing boxes.) The thermome-
{ers were usually placed in the half of the %oad in the forward end of
the car, instacks 1, 4, 8, and 12, numbering from the ice bunker. Fach
was inserted in a fruit about halfway from the center to the outside
of the box. The boxes in which the thermometers were placed were
in the center row of the load. Other positions were sometimes used,
the thermometers being placed in top- and bottom-layer fruit at the
center of the load between the car doors or ai the north or south
side of the load in the doorway and in stack 8.

The amount of ice melted in transit under upper-half-, lower-half-,
and full-bunker icing was obtained by means of drip moters designed
for this purpose.

The rate at which the ice melted during the first few days of the
trip when the fruit was cnoling most rapidly, and later when the ice
was melied chiefly by heat transmitted throu%h the car insulation,
v}r&s recorded by meter readings taken several times a day durhig
the trip.

Refrigerator cars of the Pacific Frait Express Co. and the Santa Fe
Refrigerator Department were used in the tests. These included
both new or recently rebuilt cars and others that had been in service
for several years. In the earlier tests of upper-half-bunker icing the
ice grates had to be raised on temporary supports to the desired
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‘height. Tu the cars used in the later tests the bunkers were per-
manently equipped for stage icing when the cars were built (fig. 4).
~ The older reirigerator cars used for C_lifornia fruits are of con-
ventional wood construction and are equipped with end ice bunkers
of the wire-basket type. Those of more recent construction are of
the same general design but have heavier insulation—3 inches in
sides, ends, and roof, and 3% inches in the foor—and many have

steel sheathing. The height of the floor racks is § inches in the
newer cars and 4 inches in those of earlier construction. The older
cars included in the fests had about 1 inch less insulation in the car
bodies, (Many of these have since been rebuilt with heavier inan-
lation.) The inside dimensions are approximately 33 feet 2% inches
between ice bunkers, 8 feet 2% inches between side walls, and 7 feet
to 7 feet 24 inches from floor rack to ceiling.

The standard load of oranges consisis of 462 packed boxes, 33
stacks long, 7 rows wide, and 2 layers high, boxes on end. Tt is pos-
sible, especially in the newer cars with higher ceilings, to Inerease
the load to 693 boxes by adding & third layer. In the 3-layer-high
load there is an air space of about 6 io 8 inches between the top of
the boxes and the ceiling of the car.

FACTORS IN REFRIGERATION OF ORANGES

In shipper-precooled, pre-iced shipments of oranges the ice is largely
melted in ebsorbing heat which passes through the insulation and
structural materials of the car body and through small openiugs that
may occur ground the doors and ventilators or in other parts of the
car. Relatively 8 very small amount of iee is melted in ecoling the
mterior of the car itself. In cars loaded with warm fruit the ice is
melted chiefly in cooling the fruit. There is some meltage of ice by
heat that is produced in the respiration of oranges; this varies with
the temperature of the fruit. When the average fruit temperature
is 72° F., the heat produced by the respiration of a carload of 462
boxes of oranges during each period of 24 hours has been found to be

. e

Froure 5.—4, Master cable and thermometer leads suspended from ceiling of
refrigerator ear. B, A partly loaded test ear showing cleetric resistance ther-
morneters as used in tests. The bulbs were inserted in the fruit at different
logations in boxes in top and botiom layers as the cars were loaded,
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Fioras 4—An all-steel ice bunker equipped for upper-hali-bunker, or stage,
ieing, Hlustrating the position of the grate bars for fuli-bunker ieing {A) and for
upper-half-bunker icing {(B).

the equivalent of 467 pounds of ice meltage; at 40° the heat produced
In 24 hours is equivalent to 115 pounds of ice meltage, according $o
Alann and Cooper®  Accordingly, during the S4-day trip from
California to Jersey City the total heat of respiration of a carload
of precooled oranges having an average tempersture of 40° would
account for the meltage of less than 1,100 pounds of ice.

Since in precooled shipments ice is melted prineipally in absorbing
the heat which enters from the outside, the amount of ice melted during
any period in transit will vary with the outside temperatures, but
rapid fluctuations in the temperature may have little effect on the
average rate of meliage. During cool weather the ice melted on the
entire trip may be only a small part of the total amount placed in the
bunkers. In very warm weather meltage of ice is much greater, even
in the move eflicient refrigerator cars,

PRECOOLING AND CAR-ICING PRACTICES

About 38 percent of the oranges shipped under refrigeration from
Californig. are precooled in the warehouse-type precooling plants of
packing houses (shipper-precocled). The fruit forwarded irom pack-
ing houses not having precooling facilities is either shipped in iced cars
without precooling or precooled after loading, practically all of this

" % Seafootnofe 2p. 2
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precooling being done at railroad-operated, plants {carrier-precooled).
‘Carrier precooling is performed in sbout 8 hours, while {rom 72 to 94
hours is required to lower the temperature of the fruit to 40° B. or
below at shipper-precooling plants. The warchouse type of precodl-
ing, used ot the packing houses, usually provides for more thorough
cooling than is obtained under the car-precooling systems of the
railroads.

Records obtained in earlier transportation tests with precooled
shipments of oranges showed that often less than half of the ice placed
in the bunkers of the cars in California was melted by the time of
unloading at market. The possibility of reducing refrigevation costs
by using upper-half-bunker, or stage, icing was suggested from the
amount of surplus ice. This surplus was noted not only in mauy
shipper-precooled, pre-iced shipments in which there was an initial
icing of 14,000 to 15,000 pounds of block ice but alse in cars iced fo
capacity with chunk iee (mostly 10,000 to 11,000 pounds) by the
railroads. In view of this il appeared desirable to determine the com-
parative efficiency of upper-hall-, lower-half-, and full-bunker icing in
the refrigeration of both shipper-precooted, pre-iced ovanges and non-
precooled oranges rve-iced at all regular leing stations en roule under
standsrd refrigeration as well as under various modified refrigeration
services,

Shipments that are precooled and pre-iced by the shippoer are iced
with block ice at the packing bouse.  In this method of ieing the whole
300-pound blocks are corded in the bunkers, more of the space being
filled than when chunlk, coarse, or crushed ice is usel.  Chunk ice is
ice broken in pieces not exceeding 100 pounds, coarse ice that in pieces
of 10 to 20 pounds each, and crushed ice that in pieces of aloub 1
pound each or less.

TRANSPORTATION TESTS

In the earlier investigations of Mann and Cooper ® it was found that
temperatures obtainable in the shipment of California oranges under
various types of modified refrigeration in which the fruit was cooled
transit to about 40° to 45° F. were generally comparable with those
furnished by standard refrigeralion and that these temperatures are
desirable to insure satisfactory market condition of the fruit upen
-arrival af eastern destinations. However, differences of a fow degrees
only in the temperature of the fruit usually have less eftect on the con-
dition of the fruit in transit than such factors as matwrily and relative
freedom from mechanical injuries resulting from improper methods of
handling of the fruit in harvesting and in its preparation for shipment.
Therefore, prompt cooling of warm fruit and maintaining transib tem-
peratures below 50° are usually neccssary for the conirol of decay,
softening, and aging of oranges in transit. The tests comprising the
present mnvestigation veere concerned chiefly with the relative effective-
ness of full- and half-bunker icing in producing salisfactory refrigera-
tion for oranges in transit.

Bhipments of ovanges from Californis under standard ventilation are
made chiefly from about November 1 to February 15, after which
they are forwarded under some form of refrigeration. During warm
suptmer weather more attention is given to re-icing i transit. The

¢ Seo foctnote 2, p. 2.
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chief factors which influence the amount of ice used are the loading
temperature of the fruit and the outside temperatures en route.
Since there is a considerable differc.ice in the normal temperagures
encountered during the spring and summer months on 21l the routes,
the transportation tests have been roughly grouped with reference to
the season of the year when they were made. The prevailing outside
temperatures rather than the date of the test determined the grouping.

Tests Conpucrip DuriNe MopErRATE WEATHER
NONPRECOOLED FRUIT UNDZR STANDARE REFRIGERATION

Bhipments under full- and half-bunker leing were included in & transpértation
test from Californin te Jersey City, June 3 to 12, 1836, when outside tempers-
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Figune §-—Iiffect of icing methods on the top-layer temperature of oranees en
route from loading points in California to Jersey City, N, J., via Union Pacific
. R., the Denver and Rio Grande Western R, R., Chicago, Burlington -and
Quiney R. R., the Belt Ry. of Chicago, and Erie R. R., June 3 to 12, 1936
{United States Department of Agriculfure 1936 test No, 1) A, Nonprecooled fruit,
under standard refrigeration; B, precooled fruit, pre-iced, not re-iced. Cars
A end D, full-bunker icing; cars B and B, upper-hall-bunker icing; ears C and
F, lower-haif-bunker icing.
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tures encountered averaged 68° F. The effect of the icin methods used in the
refrigeration of nonprecooled cranges is shown in figure 5, A. All the cars in this
test were of conventional type with wood superstrueture. '"Those used for non-
precooled fruit were pre-iced the day before lopding and re-iced &t all regular icing
atations en route, standard refrigeration serviee.

A comparison of top-layer temperatures of ear A (full-bunker icing) and car B
(upper-haif-bunker iving) shows aboit equally satisfactory refrigeration of the
fruit under the two methods (Rg. 5, 4). After the first day the fruit in car B
cooled at about the same rate as that in car A, The record of car € indicates that
Towei-half-bunker ieing resulied in much slower cooling of the fruit than upper-
half-or full-bunker icing, During the trip 62 pereent of the ice in car A, 76 percent
in ear B, and T4 percent in car C melted. The leing records of the three cars are
given in table 2.

TapLE 2.—Icing records, Uniled States Depariment of Agriculture 1836 orange-
- transportalion test No. I

Welpht of leo in—

Cars with nonprecesled

frait Cars with precooled fruft

A B Q (] i
{upper- | (Qower- ( -1 {fower-

« {fah half hpil (il hatf hall

|bunkur) bunker)! bunker}| sunker) bunker), bunier)

Pounds | Pounds | Pounds | Paunds | Pounds
Ormge, L 0:13 S
]

Do
Los Angeles, Oalif__
-Coitlo)n, Callf__.__ -

Las Vegey, Nov...
Milferd, Ttah ..

Balt Lake City, Ulah
Grand Junction, Colo__

ket
AR SN I LS D G o 1 et

L et Pt AR T LYY
CLEa RN S naREnERLh

SIBBPREBHRES

=

2E

HWepTRPePrpEdpPREPTE

ZxBarc
HuE

17, 41

Ice in bunkers at Jersey
Oty M. Fe e

3 .1 90,3001 4,600 4,000

© Ieeaneled in transit e aeee.-e.) 15,870 13,316
Tee in bunalers at untosd- {J une 14 | 500 fn ML A

ing Jano 15| 00D m.

Tn & test en route in June 1937 data were also obtained on comparable shipments
of nonprecooled oranges under full- and hall-bunker ieing, standard refrigeration,
‘These shipments were loaded in dry cars which moved under ventilation from the
paeking houses to the icing station at San Bernardino, Calif., where they were
initially iced. They were re~iced under standard refrigeration service a6 nine addi-

_tional icing stations between San Bernardine and Jersey City (table 3). Top-
““layer temperatures at San Berperdino, as shewn in figure §, A, varied from 89°
to 72° . The fruit in car B (upper-half-bunker icing) ccoled in transit at about
-the same rate as that of ear A (fnli-bunker ieing). Lower-half-bunker ifeing
‘(car () resulted in less satisfactory refrigeration of the fruit than cither full- or
-upper-half-bunker icing.
The weights of ice taken at points where the ears were iced in transit and the
- weighis 1‘9,'.111541.inin}gL at destination are given in fable 8. Ouly 58 percent of the ice
sypplied ‘to car A melted in transit, whereas 72 and 70 percent, respeetively,
melted-in cars B and C. The surplus ice in the bunkers when the cars srrived at
Jersey City would have been largely wasted if the cars had been unloaded im-
_mmediately, Sinee approxhnately the same temperatures were maintained in cars
A and B, it iz evident that more economieal refrigeration was maintained with
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upper-half- than with full-bunker icing. Tn addifion a great saving resulted to.the =
railroads in fhe reduced weiglt of ice hauled in ear B. It is evident thas the . +
effectivences of refrigeration depended on both the proportion of the ice melted

and the alr circulation (p. 26), which affects especially the cooling of the fruit in *

the top luyer. Although approximately as mucn ice was melied in car C as inear

B, the eooling was less satisfactory than in ears A and B, apparently as.aresult-ef
glower cireulation of air,
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Fieure 6.—EMect of icing methods on the top-layer temperature of cranges en
route from loading points in Californin to Now York, N. Y., via Atchison,
Topcka, and Santa Fe Ry, the Belt Ry. of Chieago, and Erie R. R., June
8 to 20, 1937 (United States Deprrtment of Agriculture 1937 test No. 1) ; 4, Non-

recooled fruit under standard refrigeration. B, Precooled fruit (35° to 37°
"), pre-iced, not re-iced, €, Preecoled fruit (42° to 43°), pre-iced, not re-iced.
Cars A, D, and M, full-bunker icing; ears B, E, and H, upper-half-bunker icing;
cars C and I7, lower-hal{-bunker icing.

SHIPPER-PRECOOLED FRIIUT, PRE-ICED, NOT RE-ICED

In 1936 test No. 1, June 3 to 12, there were also shipments of precooled-oranges
under full-bunker (ecar D)), wpper-half-bunker (car L), and lower-half-bunker
(eur F} icing. The reeurd of these three shipments is presented in figure 5, B.
The fruit was loaded nt a temperature of 34° ¥, As shown by the graphs, top-layer
temperatures of cars I and i were about the smme during the entire trip from
Californin to Jersey City; the average tomperaiure of the top layer of car D
ineressed from 34° to 43.5° and of car It from 34° to 45°. .




TABLE 8.—Icing record, United States Department of Agricullure 1937 orange-transperiation fest No. 1

Weight of ice in——

i

Cars with nonprecooled fruit ! Cars with precooled fruit

Date Time : -
A B E F M
(! (upper- ) do (apper- | {lower | (run (“1’1{""

- ! balf -
bunker) | pynker) | N - bunker) | bunker) | PUPEeD | pupwer)

g— —8¥F-—.F099

| 1 Pounds | Pounds ' Pounds | Pounds Pounds Pounds
Loading point, Calif... . [ S B SO

8an Bcnmrdlno, Calif_ . . W08, m. joooo.. oL [P

Do

NeLd]es “Calif

Winslow, Ariz . . do

Belen, N. Mex . e . 11:00 a.
Clovis, N. Mex. . . . 10:40 p.
Waynoka, Okla S . e dune 130 L00n.
Argentine, Kans . .. R o June. 4 113068
Corwith, i . s . June 151 9:30p.
Marion, Ohig . s June 17 1 300 a.
Hnrm-ll. N.Y e et do . 1100p.

Total ice supplied . R o

Ice in bunkess at Jersey City, N.J ... ... June 18 10,000 ¢
Tee melted In transit . [T . !
Tce in bunkers at unloading cieiiim e . June 20

)
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As indieated in the graph for ear F, lower-half-bunker icing permitfed fruit
temperatures to rise faster than upper-half- or full-bunker icing during the first
§ days, when outside temperatures were highest. During the whole trip the
average temperature of the top laver increased from 34° to 47.7° T,

It wiil be noted from table 2 that 44 percent of the lee in car D, 75 percent, of
that in car E, and 64 percent of that in car F melted in transit. Af the time of
unloading there was more ice loft in car D than there was in cars F and F at the
beginning of the o<t

EFFEQCT OF TEMPERATURE AT LCADING

The refrigeration methods tested with the stecl-sheathed cars of the Paeifie
Fruit Express Co., just dizeussed, received further study in o later test with similar
refrigerator ¢ars of ihe Hanta Fe Tefrigersior Department, The shipmernts in
this fest, United Slates Departiment of Agriculture 1937 test No. 1, were on roule
from (elifornin to Jersey City from June 9 to 18, 1937. Qutside temperatures
were ghout normal for the first § days of the trip from S8an Bernardino to Argen-
tine. Iians., and slightly below normal during the remainder of the trip, with the
average of 73° F. for the enlire period.

Bhipments of precooled oranges receiving Full- and half-bunker bloek icing are
compared in figure 6, B.  The oranges in ear T (full-bunker icing) and in car B
{upper-half-bunker icing) were precooled fo a temperature of about 87° ¥, As
Indieated in the graphs, the average top-layver teniperatures in cars 17 and E were
nearly the same during the entire rip fromn California to Jersey City.  While the
earswere o {rack, 2 days after arrival at Jersey Cily the temperature of the fruit
mn car ID inereased sliphtly more than that in ear D, owing to the small amount of
ice in the bunkers of ¢ar B, The unsalisfactory refrigeration from lower-half-
bunker icing is indicated in the graph for car I The {op-layer fruit of this ear
increased 15°, or from 35° 1o 50°, during the trip, and there was o further increase
to 53° during the 2 days the car was held before being nnloaded. This rapid rise
in the temperature of the fruil should be compared with thaé of car I in which the
fruit warmed up only §° in transit, from 37° {0 43°, and with that of ear B, which
warmed wp 7° from 37° ta 44°.

The ieing records of ecars D, E, and F are given in table 3. The percentages of
ice melted in transit were, respectively, 36, 84, and 75.

EFFECT OF SIZE OF LOAR

Upper-half-bunker jcing of standard and beavy loads of oranges was tested
in shipmoents en route to Jersey City from June 5 o 14, 1940,  Average top-
layer and bottom-laxer lemperalures in car A {462 boxes) and in ear B {693
boxesy are shown in figure 7.

As Indiceted by the graphs, there was only 1°t0 3° 7, difference in the tempera-
ture of the frult in the {wo ecars during Lhe trip.  The top-layer temperature in
car A rose from 36° to 453° and in ecar B from 37° to 48°. Temperaturer in the
botlom layer were about 19 to 2° lower than those in the top lsyer during raost
of the trip.

The icing record= of the two shipinents are given in table 4. The ears were
pre-iced at Lhe packing house with 8,400 pounds each of block ice and neither
car was re-iced co roate to Jersey (City,  In ear A 81 pereent of the ice melted
and in car B 62 percent.  In this, as in olher lests with oranges precooled to
40° . or helow. inereasing the load 50 percent didd not result in increased meltsge
of ice; usually less fec melled in transit with the heavier load, probably becsuse
of the greater mase of cold fruit,

Shipinenis of oranges precooled to about 42° or 43° F, werce also forwarded
in this test under full-bunker (car A and upper-half-bunker bleck icing {car H).
Transit temperafures of these shipments are shown in figure 6, ¢, At the higher
loading temperature upper-half-bunker icing aforded nearly as satisfactory refrig-
eration ax full-bunker iving, A comparison of cars I) and B (fir, 8, B} with cars
M and H (8g. 6,0 shows that the fruit precooled to 37° warmed up about 6° to 7°
in transit and that preeooled to 42° o1 43° warmed up about 2° or 3°.  The lower
precooling temperature of the fruit in enrs 1Y and K resulted in less meltage of
ice In transit {table 3}, During Iransit 82 pereent of the ice in car M and 94
pereent of that in car H owas melted.

In a later test conducted in June 1 the refrigeration of heavy loads of
oranges under full- and upper-half-bunker iving was tosted on shipmenis in fan-
equipped refrigerator cars, The fans were permaepently installed under the
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Tapue 4.—fcing recard, United Slates Deparimeni of A ricullure 1840 orenge-
' transporiation lest No. 2 .

I Weight of lee fu cars
With yre¢oplod froit
[ate
A i3
U fupper-halr | (upper-half
i hutkers hunker}

Pounds Faunds
Looading peint, Calif . o June R MK 4

Ice in bunkers at Jersey City, N.J . June M l,'ﬁuii_.:
Tee meled fn rransit ——— R G, KR
lea in butkers al untonding PR | T1 TN 13 50

floor racks adjacent tu the ice bunkers, Tans of the {ype used are driven from
the ear wheels, A speeizl design of the housing eaused {he air, while the fans
awvere operaling, to fAow upward through the jee Dunkers and out over the top
of the joad, thus reversing the uormal direetion of circulation of &ir in the car,

Ih this test car A contained o shipment of 462 hoxes of oranges and ¢ar B §93
boxes, both under full-bunker icimg, and ear ' 693 boxes, under upper-hiaif-bunker
icing. Cars B and C containing the beavy londs were cquipped with fans.  The
fans were not operated while the ears wera en route fromn the packing houses to
the railrond yard at San Bernardino, but they were in continuous operation while
the cars were in motion hetween thaf point and Jersey Cily.

The resulis of the test are presented in figure 8. The graphs for cars Band ©
indieate that during the trip lrom the packing hyuses to San Bernardine the tem-
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Ficune 7.—Effect of size of load on the femperaiure of precooled granyg :s, pre-iced,
upper-balf-bunker icing, en route from loading points in California to New
York, N. Y., vin Atchison, Topeka, and Hania Te Ry., the Belt Ry. of
Chicago, sod Lrie T. R, Juse 5 to 16, 1940 (United States Department
of Agriculture 1940 test No. 2).  Car A, 462 boxes, pre-iced, precooled, upper-
half-bunker icing; ear 13, 693 boaes, pre-ived, precooled, upper-half-bunker
icing,
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Fiooue 8.—Kffvet of size of load on the topdayer temperature of precnoled
vranges, pre-iced, not re-iced, en route from loading points in California to
New York, N. Y., via Atchison, Topeks, snd Santa Fe Ry., the Belt Ry.
of Chicago, and Erie R. R., May 28 fo June 8, 1941 {United States Depart~
ment of Agriculture 1941 tost No. 1). Car A, 462 boxes, precooled, pre-iced
by shipper, full-bunker ieing: ear B, 693 boxes, precooted, pre-iced by shipper,
full-bunker icing, faus: car C, 693 boxes, precocied, pre-iced by shipper, upper-
hali-bunker, or stage, ieing, fans. Data for car A obtaived from Ryan
recording thermometers and for other cars from resistance thermometers,

perature of the froil in the top kayer of hoth cacs inereased about 4° F.' There
after, while en route to Jersey City, Truit temperntures in ear B dropped 3° and
in car (¢ they incrcased 4% When (he ears were unloaded 2 days after arrival
the top-layver-iruit femperatures were $4° for ear A, 45° for ear B, aud about 51°
for ear . There was a mnrked rise in the temperature of the fruit in the top
Isyers of ears I3 and C when the fans were not in operntion, as during the trip
from the packing house 6o San Bernardinoe nnd agein while the ears were held on
track ot Jersey City,

As showu by the iving record {tabie 5), the amount of ice mmelted in transi’ was
relatively bhight in {he fan-cquipped ears.  The melinges in transit were, respec-
tively, 80, 82, and 87 percent for cars A, B, and .

TasLe 5.-- Icing record, Uniled Stales Depariment of Agriculture 1941 orange-
{rams porlafion test No. [

) Weighi of fee i tnrs with preenated frale
Plage Date . 'Mrie A ; B ! o
] ey | . (aprer-hail
i {(yil bunker) : {fuit bunker) l ‘bunker)
_ i . Faunrds 0 Pounds ! Pounds
Londig point, Calif | S Moy 2 @uma, m, L. H00 3, 200 | 8,400
Ioe in bunkers nt Jorsey Cily, NoF | June 6 206 p. o ' ’ G, 400 T &,4% '; 1,100
1 . B
o mpodtodd dn fromsir 1 . . e &, 300 IO, 80U | 7, 300
r 1 i
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Trsts ConpucrEp Durine Hor WEATHER
NONPRECOOLED FRUIT UNDER STANDARD REFRIGERATION

" The effect of extremely high outside temperatures on fruit teinperatures and
ice meltage was shown in a test in August 1937, when daily maximum temperaf ires
en toute were ingny degrees above normal. The test included full- and half~
bunker icing of nonprecocled oranges under standard refrigeration (fig. 9, A) and
shipper-precooled, pre-ieed shipments re-iced once in transit (fig. 9, B, and p. 23).
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Freure 9.—Eifect of icing methods on the top-layer tempernture of oranges en
route from leading points in Calilornia to New York, N. Y., via Southern
Pacific R. R., the Chicago, Rock Island, and Pacific Ry., the Belt Ry.
of Chicagre, and Erie R. R., Aug. 11 o 23, 1937 ({nited States Department
of & ~ulture 1937 test No. 2): A, Nonprecooled fruit under standard refrigera-
tion; B, precooled fruit, pre-iced, partially re-iced.  Cars A and I, full-bunker
icing; ears B and L, upper-hali-bunker icing; cars 12 and M, Jower-hall-bunker
icing; car G, dry-car-loaded, full-bunker icing.

- In the nonpreecoled shipments ear A received full-bunker ieing, car B upper-
half-bunker icing, and ear [ lower-half-bunker icing. Car G, which was under
the method called dry-car-loaded, standard refrigeration (ear initially iced at
first icing station en route), received full-bunker icing.

Although, when the loading temperatures are considered, there was little differ-
ence in the refrigeraiion of cars A and B and almost the same amounts of jee

-were supplied and melted in transit, there was almost btwice as much iee left in
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ear A on arrival {table 8). When the ecars were unloaded after being beld on track
for 2 or 3 days during which lime the average drop of the temperature was ap-
proximately the same in hoth ears, there was about 6 times as much ice in car A.
This test indicates ihat upper-hall-bunker icing was almost as effeetive as full-
bunker ieing and that a substantial saving was obtained in the weight of ice
hauled, Relrigeration in car B was spproximately the same as in ear G, and
that iz car I was muech less effective.

TaBLE G.— -Teing record, [Tnited Siates Departwent of Agricullure 1937 orange-
{ranspartation test No. 2

Weight of iee fn-

. © o Corsowilh nonprevonled fruit . Carg with precooled freit
Pluoe Date Time i . '
: . Ry ' B - .G ; K {L (IM
(uprwer-- flower- ! upper-| (lower-
‘ ! el Rl it 0 O Rl
E ] UIRCT hunker fbunker bunker}ibunker)
j | e ] — .
' onudde | Powende | Powade | Pounds| Pounds] Pounds| Pounds
Los Angeles. Calif  Ang. 10 0066 . 6577 | 4,073 | . .
Uplansd, Calif Aug 11 .
Orange, Calif . in :
Covina, Calif iu i : .
Los Augeles, Calif Aup, 120 Liin, m.
1 tln RN TN
Coltun, Cnlir [{[- i o am.
Yumn, Arlz . Aup. 135 3300 .
Tueson, Ariz .. i Ralth . m.
E1 Pnsa, "Tex . A 14 (LI
Dinllwart, lex. .. Ay, 15 Ol .
KEanses Oy, Kens Aur, LB . .
Eilvis, 1I1. A 17 RPN
lenring, 11 Ang. 18 Mo, m. :
Alario, Ohin Aur. 10 Zdhoom. aG2
Roepell, 3. Y da 10:30 10, 10, LI 1L138 | I
Totnl ice supplicd 22 482 | 20,812 | 1,200 1 B.G00 - 8,000
lec in bunkers ul ’ !
Jersey iy, . '
N Aug, 20 ..., LRIN] 4, TH0 4, 400 £, 000 3, 70 550 1,850
Iee melted  in . :
transit . N TSR (X TP R E Wy e S ) ) 0,50 . 8.05 6, 750
Ier In bunkers m {.-\u;:, . e i1 [T FRRN
unlonding Aug. 5, Slll! KX _t 5, X0 4, 100 50

In fignre 10, 4, full-hunker iving is compared with upper-half-bunker in shipments
of nonpreevoled oranges en ronte from California to Jersey City, June 9 to 17,
1938, This 1est was conducted doring hot weather, the average outside tempern-
ture being 75° . The (it temperature of cars A and B at loading was 76° to
779, and the ears moved {rom 1he packing house to the initial icing station at San
Bernardino under ventilation. ‘Ihex were forwarderl under the method dry-car-
loaded, standard refrigeradion, heing re-icerl at all regularicing stations en route.

Asindieated in the graphs for the average top-layer temperatures, the refrigera-
tion gbtained from upper-half-bunker icing (car B) and from full-bnnker jeing
{ear A} was aboul equally satisfactory.  The fruit cooled at about the same rate
under both methods during the fizst 3 days, but during the remainder of the trip
and while the ears were held on track ot Jersey City, top-layer temperatures of
the [ruit were about 2° F. lower under upper-half- than full-bunker icing.  Bottom-
layer temperalures were from 29 (o 6° higher under upper-half- than full-bunker
ieing.  As discussed on page 24, these temperatures resulted from the eireulation
of air, which was 2° {o 69 warmer in ear B {han in car A (fig. 10, A). However,
with the more rapid eirenlation of the nir in ear B the froit in the top layer cooled
at a.bmrzil the same rate as (hat iu car A, despite the higher temperature of the air
in car T

Table 7 shows the amount of ice suppited at all icing stations en route, the
amount melted in transit, and (he amount remaining in the bunkers when the
cars arrived al Jersey ('ity, June 17, The melizge was 39 percent in car A and
78 pereent in car BB, In {his fest, as in others previously discussed, upper-half-
bunker icing wnder stundard refrigeration serviee gave as satisfactory refrigeration
of the fruil as full-bunker icing, and there was n considerable saving in the amount
of ice supplied and bauled in the bunlkers of the cars,
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Tasre T—Icing record, United Stales Depariment of Agricuiture 1988 orange-
transporiaiion test No. 1

Weight, of oo in —

Curs with non-
rregoniedt Triil

s B i K L
PP (11T :(u]?swr- {upper-
. 1} : 1 HE
E:unkml‘ bunkers PR bypaker bunker)

Cars with procaplod fruft

. Pounife  FPounde  Pounds . Pourds - Poundy
Cheerygze, Crelif . fune S35 L 800 - 7,800 -
Jan Bernprding, Calif Jueage € a, 1 14, Aie Fan .
Needies, Calli . Juna it o, 2415 3,00
Winslow, Ariz I Jone A, m. k
Deten, M. AFex.... . ... . ia 700 o,
Clovis, N, Mex...__ . . Fung B | ETW T i N2
Waynoke, Qkla. . .. tler QI porn. U
Tanses Oy, Fan June 5 12 .
Clearing, I _ . June Hatd m, gre,
Marion, Qhla. . . Jume 16 S,
Hornell, N. Y. __ ... _... June 1220 o, HEH

Total fca supplind.., .. . . O R LS P ] Tonlll . T,

Ieainn bunlers at Jersey iy,
. - 10, Q1% AN n A0 b, 300
Ice melted n transit . . 14, 522 15, {i5% i, I i, 101
Tea in btznkers at unlonding.,  Jane &, 750 5,600 . 5
) p ]

SHIPPER-PRECOOLED FRULT, PRE-ICEf), KE-ICED AT DESTINATION

In a test conducted September 2 to 14, 1930, {he frujt was precooled Lo 34° to
35° F. and forwarded under full- and upper-half-bunker ieing with no re-lcing in
transit., ‘The outside temperatures at this {ime were slightly above normal. The
refrigerator cars were of recent cons{ruction,

The resuits obtained under the various micthods of ieing used in this test are
presented i figure 11. Car A {fuil-bunker icing) war initially iced with 12,378
pounds of blociz iee and ear B {upper-half-innker jeingd with 6,274 pounds (table
f). The fruit in ear A was preconied to 34° and that in car B to 33° . The
graphs for the top-layer temperntures =how that during the 8 days en ronte to
Jersey City the fruit in car B avernped from 1° to 3° higher than that in ecar A,
There was a gradual rise in the fruit temperature voder both meihods of leing;
alter the firsl 6 days the fruit in car I3 warmed ap faster than that in enr A,

‘TaBLE 8.—Jeing record, UMmited Ktofes Depariment of Agriculiure 1938 erangc-
fransporfation fest No. 2

Welght af ige it cors with
pirecaater] frait
tinte ‘'ime n ( B , c » n
. upper-  tower. VIHET-
el haif o half halt
: bunker  Buaker) ' bamker)

. CoPonwds Porads | Pounds - Pounds
Loading point, Calil . CBept. U oha, m. 123080 6,074 G, 330 : §, 30

Tee ii bunkers ab Jersey Cloy, N.J. 3epl. 11 §10H 10, am. __H,_Q{!ﬂ ; 1,908 ° 1, 400 : L)
Tee melted in Lrangit | . F 9 i RO 4. 460 A H

Re-iving at Jersoy City. N, J Sept, 11 430 p. m.
Toinl ice supphed L e vmmnn 13,87 . i

Ten it bunkess ab unduading, Sepd, 14 1100 b, 3. 8,700 . 40
i i 3



http:A(ll'iwl/u.re
http:Pound.II

TECHNICAL BULLETIX 847, U. §. PEPT. OF AGRICULTURE -

Joa
[ T T
i ! ’ ! !
i t ' o f ] h ovisioE TENPERATURE
: AT !H Al : !
I ViR : A i
R i A W
"1 - t
il L \ L
- u ' / : } \/ /
i Y Y
VY LT
-
w ..
: =
£ N
= ¥
g 5
2 p—
c ™
o
2 : ; 2
w A : - e ety S
L=y
sl i L [Femreorrquor e suvwens
60 ~—-n !
| T
___.-":Ant
] e El e e ! IR o s Lo g
: ; . i JENRTLT il ailar W e TR H
[ S Y S f T |
a0 ‘--11,__,.[__, . - i v [ —_ -g;'é‘ .
= ' it
. . ' 5
: : . 'vit
20— . 1 . H L . ]
E] st e It 2"t iz e s e f 7 18 13 20 E]
es 1§ |y X ;e
£ 2 - N U T D A S SRR
A U O ; B, - | 8] & £ £k s | oo
i ' k3 LR i o5t E z £ s ¢ o s -1
2 wd ' R 2 L 2 H 4 |4 l = [ £
S 2 - B - z H ] H < H x
a= - L~ - H ‘ I E E ur ] i M ] il
a3 . m F = & [ F .o H I 2 H 5 i - L] z
| ] i j [ DATE aND PLAGE !
i .- R R S |

Ficone 10.—Effect of feing methads on the {emperatnre of oranges en route
from loading points in Calilornia to New York, N. Y., via Atchizon, Topeka,
and Santa Fe Ry., the Belt Tiv. of Chicago, and Erie R. R., June 9 to 21, 1938
(United States Departmment of Agrienlture 1938 test No. 1}t A, Nonprecooted
fruil, dry-car-loaded, standard refrigeratinn; B, precooled fruit, pre-iced, not
re-iceid.  Cars A and H, [ull-bunker icing; cars B, I, and L, upper-half-bunker
icing.

The top-layer temperaiures of ears A and 13 were about equally favorable for
the control of deeay and softening of the fruil during the S-day trip to Jersey City.
Inspeeiion of the fruit in (he twg shipments made after the cars were unloaded
indicated that there was no difTerence in appearance or firmness of the oranges.
The percentage of deeny in both shipments was negligible.

The effeet of 1he temperaiure 1o which fruit is preeooied on transit temperatures
under upper-half-Linker ieing is indiented i the curves for cars B and D {fig. 11),
Car B was precooled (0 35° and car I3 1o 45° F.  Top-layer temperatures in car I
increased from 13° to 52.5° and in ear B from 35° to 16,5° during the $-day krip
to Jersey City. Beenuse of the lower temperature at loading the fruit in car B
remained at a lower temperalure than that in ear I throughout the trip.  Because
of the faster rise in the temperature of the fruit in ear B, however, the 10°
difference in the loading tempernlures of the two cars was reduced to 6° by
the time of arrival, Although both ears were pre-iced with the same amount of
iee, top-layer temperatures in ear B rose fasier than those in car I because of
the greater initial difTerence between fruil aned air temperatures in ear B. The
maore thorough precoaling of car B3, however, provided sufficient refrigeration to
‘keep the temperatures of the fruit lower than in ear I during the brip.

1t is Interesting in this test to compare the graph of car C (lower-half-bunker
feing) with the graphs of cars B and D (upper-hali-bunker icing). The poor
refrigeration obtained from ive in the lower half of the bunkersin ear Cisindicated
in the top-layer temperalure curve (fig. 11). The rate of rise in top-layer tem-

reajures was considerably faster in ear C than in car B; by the Aith day the
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temperatores in car C had almost reached those of ear D, which started 7° warmer.
In both car C and car D the top-layer temperatures were above 45° F. after the
third day and above 50° after the eighth day and, therefore, less satisfactory for
transportation of oranges than thosc of car B.

The effect of re-icing shipments under half-bunker icing on arrival at destination
is gshown also in figure 11, The test-trip icing record is given in table 8.  Outside
temperatures were 61° to 85° F.  Ive meliage in (ransit was 530 percent for car A,
84 percent for car B, 70 perceni, for car ', and 86 peccant for car .
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Frqure 11,--LEffect of ieing methods on the {op-daver temperature of precooled
oranges en ronte from loading points in Califurnia o New York, XN, Y, via
Southern Pacifie, the Chicago, Bock Island, and Pacific Ry., the Belt Ry, of
Chicago, and lirie R, R., Sept. 2 fo 14, 1936 (United Slates Department of
Aprieulture 1936 test No. 2} Car A precooled to 34° IF,, full-bunker icing; car B
precooled to 35°, upper-half-bunker jeing: ear (" precooled to 38°%, lower-half-
bunker icing; car Db preeooled (o 45°, upper-half-hunker icing.

LOADING FOIKTS
COLTAN, GALIF
EL PASQ, TEX.

m HAMMONEG, KD

In none of the cars waos initial jeing suflicien{ to prvent some rise in {he tem-
perature of the fruit after the first day. The relalively small guantity of ice
supplied ot destinaiion, however, caused top-tayer temperatures to drop slighily;
this slight drop was followed by a gradual rize the last 2 days ax the iee melted.
The reaulis of this and later tesis with precooled oranges ndieate that if it is
desirable to re-ice ears {0 boe held for several days on lraek in warm weather, at
least 1 ton of ice should he used. The Jee should e broken inte 10- to 25-pound
pieces. The tests have shown that under stage ieing, with the fruit loaded at &
Jow temperature, re-icing in lransit may nol be neeessary unlil the ice in the
bunkers is praciically gone, because the ice is used more effectively than in full-
bunker icing. 1t s also more economics) io avoid re-icing in transit, beeause of
shtla hi;éher charge, and fo re-iee ol destination if necessary when unloading is

elayed.

SHIPPER-PRECOOLED FRUIT, PRE-ICED, RE-ICED ONCE IN TRANSIT

The results with precooled, pre-iced fruit shipped under varicus methods of
icing when the average ocuiside temperature was 85° . are presented in fgure
9, B. During the first 5 daye en route when the maximum outside temperatura
was fibove 100° the top-laver temperatures of the (ruit inccegsed 8° in car E
(full-bunker block icing), 6.5° in car L (upper-hall-bunker block icing), and 15.5°
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in ear M (lower-half-bunker block ieing). As a result of this more rapid warniing
up, the temperature of ear E, which wasg 3° lower at the time of Joading, approxi-
mated that of car L when they reached Kansas City. The more rapid rise in the
temperatlures in cars I and M was probably partly due to slower air cireula-
tion than in ecar L,

T'he icing records given in table §, in conneetion with figure 9, B, indicate that
re-icing of cars T.and M in Kansas City prevented a significant rise in temperature
of the fruit during the rest of the trip. They ¢lso indicate that upper-half-bunker
icing was more econonical than full-bunker icing and more effective than Jower-
half-bunker icing. In car T 72 percent of the ice was melted in iransit, in ear L
94 percent, and in car M 79 pereent.

The tests just diseussed indicale that refrigeration in cars of conventional design
depended ehiefly on the ice in the upper hall of the bunkers and that the ice in the
lower half contributed eminparatively little to the refrigeration of the fruit. It
was more economienl to forward shipments of precocled oranges under upper-half-
bunker icing and {o re-ice &t some point en roule than to forward them under full-
bunker icing. Under this procedure there is a material saving in the cost of ice
supplied as well as in the cox of hauling it.

An analysis of the results i shis and other tests indicates that shen half or
more of the ice has melted under full-bunker icing ihe effectivencss of the ice is
greatly reduced. This is illustrated in ears L and M {(fg. 9, #). Car M is repre-
senfafive of a fully iced ear in which the ice has melted to half height in the
bunkers,

SHIPPER-PRECOOLED TRUIT. I'RE-ICED, NOT RE-ICED

Half-bunker icing was applied to shipments that were precooled to different
temperaiures in & test en ronie June 9 to 23, 1938, The graphs for the shipments
which were precooled and pre-iced under full- {car H) and upper-half-bunker icing
{cars K and L) are shown in figure 10, B. There was a difference of about 3°
hetween the temperatires of the fruit in ears K and L this difference lasted dur-
ing the entire irip.  The fruit in cars H and I, however, was precoaled to approxi-
mately the samne temperature, 38° F.  Little difference ocenrred in the refrigera-
tion of the fruif in-transit under the twoe methods of icing, satisfactory tempera-
tures being maintained in all three ears, The icing records are given in table 7.
It is interesting to note that in car H, precuoled to 38%, 44 percent of the ice was
melted in iransit; in ear K, precooled to 38°, 78 percent; and in car L, precooled
to 11°, 82 pereent.  The [ruit in ear 1; was about 3° warmer than that in car H
when loaded, but about the snme amount of jiee melted in transit in both cars.

Tesr Conpucrep Dumine Coor WEATHER

CARRIER-PRECOOLLED FRULT, INITIALLY I1CED AFTER TPRECOOLING, NOT
RE-ICED

In 1939 test No. 2, en route April 12 to 23, 1939, the average outside tempera-
ture was 47° F.  Car A was forwarded under (ull-bunker icing and car B under
upper-hall-unker icing. The cars were inifially iced alter precooling at San
Bernardine and were naot re-iced in transit, except for abhout 500 pounds of ice
placed in the bunkers of ear B throngh error at Needles, Calif,

The effeet of precooling ot a earrier-operaied precooling plant combined with
full-bunker and with upper-half-hunker icing is shown in the temperature graphs
jn figure 12. The temperature of the fruit at loading was 73.5° F. in car A and
72° in car B. These iemperalures were lowered about 11° by the 8-hour pre-
cooling at Ban Beraarding, During the first 5 days of the trip, between San
Bernarding and Shoplaon, Town, further egoling of the fruit took place, at nearly
the same rate in both cars. Turing the next 3 days ¢n route to Jersey City there
was slightly slower cooling in ear B than in ear A, doubtless because of the small
amount of iee remaining in the bunkers of ear B, As in practically all tests of
half-bunker icing, the fruit in the bottom layer showed slightly higher {empera~
titres under upper-half-bunker ieing than under full-bunker icing throughonut the
trip. 'This difference in fruit temperaturer was due to higher temperature of the
air leaving the ice bunkers of enr 13,

Beeanse of the relatively inadequate cooling obtained in the 8-hour period
used at carrier-precooling planis, there is further conling of the fruit in transit.
This is not the case with shipper-precooled, pre-iced shipments swhich with the
longer preeooling period are cooled fo much lower temperatures before being
shipped. With the lower loading temperaiure there is usually some rise in the
temperature of the fruit in transit.
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Froune 12— Lffect of icing methods on the temperatnre of precocled oranges en
roule from loading points in Caiifornia to New York, N. Y., via Alchison,
Topeka, and Banla Fe Ry, the Belt Ry. of hicago. and Eric R, R,
April 12 to 23, 1939 (United Biates Department of Agriculiure 1939 test No. 2),
Car A, preeooled by carrier, inftinily iced, full-bunker icing; car B, precooled
by carrier, Initially iced, upper-haif-bunker feing,

o

|
i

The amounts of ice supplied cars A rnd B, the amounts melted in {ransit, and
those remaining in the bunkers on areival ni Jersey (ity and when the fruit was
unloaded are given in tuble 8. In car A 63 percent of the ice metted in transis,
and in car B 93 pereent.

In this test also precooling with upper-hai-hutiker ieing, under standard
refrigeration service, resulted in a considerable saving in the initial icing of ship-
ments and in the “dead weight” of the ice hauled in the bunkers of the ear. These
ecotiomies In methods of icing were accomplished with no significant loss of
refrigeration of the fruit in transit.

Tavry Q-—Icing record, Uniled Staies Depariment of Agriculture 1539 orange-
{ranspariulion test Na, 2

Wednlit of ice i cars
with precosted fruit

A B
{iuii (upper-half
Lanker) banker)

: Pounds Pounds
San Berpardino, Calit . .._._.. __. . . 1 e, m. 11, 660 , 400
Moedies, Calir . . .00 ) e P T B :¢.{ - W TR P 524

Totat ico supphied. .. ... .. _. L ! i1, BOO G, 924

Iee in bunkers at Clepring, 1% . .. . . . t . 5,100

Yer fn bunkersat Jorsoy City, 3.7 . . ... apr u 4, 300
Iee mieled in transit . .. . R 7,300
Ees In Lunkers at anloading ...-......-..-.-.._..I' Apr. 3, 000
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CIRCULATION OF AIR IN REFRIGERATOR CARs”

FACTORS AFFECTING AIR CIRCULATION

In refrigerator cars of the conventionsal $vpn friit is cooled by air which circulates
through the ice buukers at the ends of the car.  As the cold air from the bunkers
absorbs heat by contact with the fruit, it rises and finally passes back inio the
bunkers through the openings at the top of the bulkhead,

Sinee air circulation in an iced refrigeratur car is esused by the difference in
weight between the cold, or relstively heavy, air in the ice bunkers and the
warmer, somewhat lighter air surrounding the load, there is always a slight
movement of air as long as s temperature difference exists between the ice bunkers
and the loading space.  If, for example, when the warn fruit is loaded, the cutside -
temperature is 34° F. in the ice bunkers and 74° in the loading space the difference
in weight of the air is spproximaiely 0.1 of an cunce per cubic foot. The tofal
difference in pressure, which causes air circulation, is the product of this weight
difference by the height of the eold-zir colummn. This height iz always somewhat
less than the inside height of the car, With iee bunkers full this height would
not be more than ahout 7 feet, in which case the pressure difference would be only
0.7 ounce per square foot with the temperatures cited. This is the maximum that
can be expected under the most favorable conditions. Under average conditions
it would be still fess. Ii may be seeu that the force which causes circulation is
very weak and may easily be gounteracted. The pressure difference is greatest
when Lhere is 2 relatively Ligh eolumn of cold air.

Warm air entering at the top of the bunker is cooled in ecoutact with the ice,
by far the greater part of the cooling taking place in the upper part of theice. The
tevel of the top of bhe fee in the bunker, therefore, determines the height of the
cold-air column.  In a stage-ieed ecar, the reduction of resistance to air fow due
to the shorter path of the air through the iee is such that the air circulation set-
up by the smaller guantity of ice somewhat cxeseds the circulation sef-up in a
full-bunker-iced car by the much larger amount of ice, with the two care iced to
equal levels, 'This coudition is aintained until the greater part of the ice in the
stage-iced car has been melted.

The eireulation of air in the car is inflitenced by the method of loading, the
amount and height of the ice in the bunkers, the fruit temperature, and the efliciency
of the ear as determined by such factors as the kind, thickness, and condition
of the insulation; adeguate floor racks and ice bunkers; and the tightness of the
car body, Other conﬂitions, such as the shifting of the load and variations in the
amount of heat tronsfer through the car body, may also affect air cireulation.
Usually the mmost important factors affecting rapidity of circulation are the air
temperalure differcnce between bunker and loading space and the height of the
iee i1 the bunker. I3ecause of these variable [actors it is usually difficult to
obtain cumparable data on air civeulation in refrigerator cars in transit. The
observed veloeities should be reparded as only approximately fypicai rates of
gir movement, for the logations where the readings were taken.

MEASUREMENTS OF AIR VELOCITIES

In & number of tests studies were mede of nir cireulation in cars of precooled
and nonprecooled oranpes uader hali- and full-bunker icing. Air velocity was
measured with clectric ancimnoieters ® placed under the floor rack in one end of
the ear.  The anemomeler was 8 speeially built thermocouple, both junetions of
which were in the ajr streany, with one junction heated by an clectric current. It
was mounted on o 1- hy 4-inch hard-rubber plate.  Air movement over the thermo-
couple modified the temperature difference bebween the hot and eold junciions.
The electromotive foree resuiling from the temperature difference was measnred
with & potentiometer.  An electric euvrent of predeterninined amplitude from two
dry cells was used fo heat the junction, and thermocouple readings were converted
into feet per minute of air movement, The instriinent was celibrated for veloei-
ties within the recorded range. The anemonelers were atfached fo the under side

7 Acknowledgment 1s mede o Wilson P. fireen, formerly nssistunt mechanical engineer, Buresu of
Agrienitura) Clienisiry ami Enplneerig, ond O, J. Thompson, instnument muaker, Bureay of Plant In-
dustry, Soils, and Agriceltorel Eoglneering, fur assistance in steasoring air veloeities.

; 9& }qum., W. V. AW ANEMOMETEK YOI MEASURING LOW Al YELOCITIES., Relrig, Eugin. 23; 107, iilus.
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of the floor rack of the car or fo the floor itself in each of the channels in which

velocities were measured, usually 18 or 24 inches from the hulkhead of the bunker,

The floor racks were of the usugl two-section type, each section having three chan-
?e'is is;rmed by 2- by 4-inch supports which extended from end $o end of the car
fig. 1.

AIft VELOCITIES IN NONPRECOOLED SHIPMENTS

Measurements of air veloeity were taken in three cars of nonprecooled oranges
moving under full-bunker or half-bunker icing, standerd relrigeration, in 1936
{est No. 1. Apemomeiers were placed in the same locations in al three cars;
namely, in the middle air channel of ench floor rack about 2 feet from the bulkhead
of the ice bunkers.

During the first (2 to 18 hours of the trip the veloeities in ear A (full-bunker
ieing) and ear B (upper-half-bunker feing) were slightly over 130 feet per minute.
As the fruit cooled circulation deecreased; at the sud of the first 3 days readings
dropped fo 60 to 80 feet per minute and during the next 6 days they fluetuated
within this range. Conditions in both cars were very nearly alike. Reduction of
fruit temperatures apparently was the chief eause of the slowing dewn of air ¢ir-
culation. In ear C (lower-half-bnnker iging) lower air velocities were recorded,
atarting at about 90 fect per minute and dropping to 40 to 60 feet per minute at
the end of the third day.  The slower eirculation in car ¢ was due to the low level
of the iee in the bunkers, even though the froit temperstures in this ear were
higher.

E}n another test with nonprecvoled oranges under lull-bunker ieing standard re-
friperation, en route Seplember 2 Lo 11, 1938, during warmer weather, the air
veloelty reached a maximum of 120 feet per minute with a fruil temperature of
43° F.” Bubseguent cooling of the fruit resulted in a decline in the rate of air ¢ir-
culation. When the average fruit temperature reached 38° on the seventh and
eighth days in transit, the pir velocity unuer the floor rack was only 44 feet per
minute. Thereafier, as a result of jucreasea heat leakage into the interior of the
car zfter seversl hours of comparatively high ouiside temperatures, there were
temporary increases to 75 and 85 feet per minute. Iz a comparable car under
1ower-helf-bunker icing with an average fruit temperature of 79° al the beginning
aof the frip, the velocity was 50 feet per minute. After the iruit had cooled to 52°
the veloeily dropped to 20 feet per minute and was affected but little by the re-icing
of the ear. The record of the comparalle ear under upper-hali-huvker lcing was,
unfortunately, nok obtained hecause of fzilure of the anemmometers.

The effect of filling the bunkers too full of ice was (o slow down oir eirenlation.
‘When the hatehways and upper part of the bankers were packed with ice according
+o the usual practice, thers was no inerease in aiv eivenlation for several hours affer
Te-icing.  Cireulation, as well as cooling of the fruit, may be improved by leaving
a Yittle space above the ice {0 permit the passage of air to the sides and back of the
bunkers. Ior bhis resson, also, conrse iee was fonnd to be better than fine fec in
promoting air circulation.  When chank ice was used with the blocks broken inte
large pieces, mostly 10 to 50 pounds, the larger air channels permitted freer cir-
etilation in the bunkers and better cooling of the fruit than when the ice was
broken into small pieces. Sinee in bloek icing the bloeks usually freeze together
solidly, the amount of surface by which heat is ahsorbed from the air iy less than
with broken ice. TFor this teason block lee is less effective than chunk ice in
the cooling of warm fruit.

In this test & few hours of exéremnely high ontside temperatures caused air veloci-
ties under the floor racks to increase {rom 90 Lo 150 feet per minute. This was
doubtless the result of an ineresse in the amount of heat reaching the interior of
the ear,

In 1938 test No. 1 (Bg. 13) air velocitics were mnessured in car A {full-bunker
icing) and car B (upper-hali-bunker ieing). The anemometers were placed In
the three channels of the soutl half of the floor rack and in {he center channel
of the north half, gli about 18 inches from the {orward bulkhead, The positions
were degignated as channels 1, 2, 2ad 3 of the south section of the foor rack, and
channel 4 of the north section.  Also one anemometer, position 5, was placed in
the center of channel 2, halfway between the bunker and doorway, in order fo
-compare velocities at the bunker and quarterwsy positions. As indicated by
the graphs, the rate of air flow from the bunkers was rather variable. Thiswas
apparently an effect of heat penetration, which varied with outside temperatures.

The veloeiby data of cars A and B arc presented in table 10,
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 Freure 13.—Air velocities under floor racks (United States Depertment of
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average of channels 1, 2, 3, and 4. D. Outside temperature. Car A, full-
bunker icing; ear B, upper-half-bunker icing. '
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of strong winds adults cease flying and crawl to the base of plants
or under clods and debris for protection.

Egg deposition began as early as 2 days and as late as 29 days
after emergence. The average preoviposition period was 11 days.
In laboratory cages first eggs were obfained on April 15, 1934, and
the latest date that eges were obtained was Junme 27, 1931, Of the
4,505 eggs under observation, 42 percent were deposited during the
firgt week after oviposition began, 28 percent during the second weel,
15 percent in the third week, 7 percent in the fourth week, 6 percent
in the fifth, and 2.3 percent in the sixth and seventh weeks,

The first larvae were obtained on May 13, May 15, and June 2 in
the years 1982, 1934, and 1933, respectively, The latest hatching
date was July 6, 1933, Although larvae were reared under identical
conditions of food, temperature, and moisture, their rate of develop-
ment in the different years vavied considerably. Of a tofal of 200
larvae reared in salve cans on various quantities of wheat, 76 percent
matured and 24 percent succumbed. Of the surviving larvae, 45 per-
cent matured in 2 years, 35 percent in 3 years, 16 percent in 4 years
2,6 percent in 5 years, and 0.7 percent in 6 years. None complete
development the first year in either salve cans or tile cages,

A tetal of 1,066 larvae were reared in tile cages, and of these 686,
or 64.3 percent, succumbed or were the victims of cannibalism. Of
the larvae that matured, 92.8 perceut completed development in 2
years, 5,5 percent in 3 years, anct 1.7 percent in 4 years. The more
rapid accelerstion in development of these individuals was attributed
mainly to the higher temperatarss prevailing out of doors during the
early part of the spring and summer.

The first gupation in salve cans occurred on July 18, 1932, and the

latest record was on September 2§, 1986. 'Fen percent of the larvae
pupated in July, 65 percent in August, and 25 percent in Septemmber.

The first adult transformed on August 12 and the Jast on October
28. The 2dults remain in the soil in the pupal cells during the fall
and winter and emerge in the spring.

NATURAL CONTROL

Except for the carabids Calosoma concellatum Esch. and C. semi-
laewve Lec., which have been found feeding on the adult, and birds—
as listed by Graf (2, pp. 46-47)~which also desiroy larvae, pupae,
and adults of Limonius caléifornicus during plowing operations, no
other important enemies of Melanotus longulus have been observed,

SUMMARY

Bacept for the carabids Celosoma cancellatum Tsch. and C. semd-
fornicus In importance as a pest of vegetable and grain erops in
southern California. The larvae not only destroy germinating seeds
but also burrow into and kill growing plants and damage potaio
and root crops. Lima bean growers whose flelds ave infested plant
an additional 40 to 50 pounds of seed per acre, .nd even then there
are times when replanting is necessary in order that a satisfactory
stand may be obfained. This wireworm and the species L. californ:-
cus may also be responsible for the “thinned-out” condition observed
in sugar beet, tomato, corn, lettuce, and alfalfa fields. Based on
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counts made in lima bean rows, the larvae of M, longulus comprise
about one-fourth of the wireworm population in beanfields,

Dissemination is mainly by flight, both male and fernale hectles
being strong, vigorous fliers, especially active on cool, cloudy duys.

In moist s0il, as shown in data obtained by confining beetles out-
doors in oviposition cages, females deposit over 70 percent of their
eggs in the first inch, 18 percent in the second inel. 7 percent in the
third, and 3 percent in the fourth.

Judging by experiments conducted in salve cans, the duration of
the incubation period was found to vary according to the changes
in temperature in the different months and years. Individual records
of incubations were from 23 to 45 days, averaging 31 days. The
shorfest monthly average was 25.5 days for eggs deposited during
April and May 1934, when iemperatures averaged 72.5° F., and the
longest monthily average recorded was 39.5 days for eggs deposited
during Aprit 1933 at an average temperature of 66°,

Of three broods of larvae, reared in salve cans in 1931-33, hatched
between May 13 and July 6, and fed various quantities of wheat
monthly, 454 percent matured in the second year, 35.5 percent in
the third, 15.8 percent in the fourth, 2.6 percent in the fifth, and 0.6
percent in the sixth year. Because of the slow rate of development
of these larvae during the fivst summer. none under observation had
completed development in the first year. The average duration of
the Iarval period was 433 days for the 2-year-cycle individuals, 803
days for the 3-year cyele, 1,176 days for the 4-yeur evele, 1,547 days
for the 3-year cycle, and 1,885 days for the one individual completing
development in 6 years.

Of a total of 1,066 larvae of the broods of 1932, 1933, and 1934,
reared in cutdoor cages, only 34 percent matured as adults. A few
were killed when the soil was being removed for examination, but the
greater number either succumbed or were the victims of cannibalism.
Higher soil temperatures outdoors in the early spring and summer
accelerated larval developraent, as these rearings, based on the total
number of adults recovered, show that 92.8 percent matured in the
second year, 5.5 percent in the third, and 1.7 percent in the fourth
year,

Larval development was accelerated and pupations occurred pre-
maturely when larvae of this species were confined in salve cans at
a constant temperature of 80° K. At 70° larval development and
pupations were in acconrl with the rearings conducted at basement
temperature. Larvae fed on sterile Hma beans in salve cans de-
veloped much more slowly than those fod on fertile moistened wheat.
The group fed on sterile lima beans, with the exception of one pupa
in 1938, failed to complete development over an elapsed period of
7 years.

Judging by records of individuals confined i salve cans, the dur-
ation of the prepupal period was found fo range. according to the
changes in temperature, {rom an average of 7 days in 1937 to 11.4 days
in 1938, and the average for all years was 8.5 days. The earliest pupa-
tion in salve eans occurred on June 10, 1934, and the latest was on Sep-
tember 28, 1936. The longest period of pupation was 68 days in 1934,
and the shortest was 42 days in 1937, Over a period of 6 years, the
average period of pupation was 54 days. A summary of all pupations




CORRECTION

Technical Bulletin No. 858. Life History of the Wireworm Melunotus
= Jongulus (Lec.) in Southern California.

Orrpage 27, in the paragraph under the heading “Summary.”
o line of the paragraph should read as follows:

E:Poini'ronv o

“the first

The wireworm Melunotus longulus ranks next to Limonius eali-
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Tapre 10.—Air velogities in feel per minule in refrigerator cars, Uniled Siales
Depariment of Agriculture 1988 orange-transportaiton lest No. I with nouprecooled
fruit
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The flow of air from the ice bunkers was quite evenly distributed to the different
-¢hannels under the floor rack, with the exception of channel 1 at the south wall,
Veloeitios in this channel were higher than in channels 2 and 4. This may have
been due to irregular spacing of the boxes in the load or o the stronger convestion
currents along the south wall where the heat effect was greater than at the porth
wall bezanse of the higher surface temperatures of the.south wall. During the
first 3 days of the trip, when fruit tfemperatures were high, the circulation in car A
was greabest in channel 3, -

As shown in table 10 air velocities deereased during the first 2 days as the
difference between fraif and air lemperaturcs became less {fig. 10).  Average
velocities at the ice bunkers in car A (foll-bunker icing) was 97 feet per minute
at 8an Bernardino and 66 feet per minute on arrival at Croxton, N. J. {Jersey
City). While the car was held on traek, June 18 to 21, cireulation decreased to
39 feet per minute. The average velovity In cwr B (upper-half-bunker icing),
which was 107 feet per mimrte at San Bernapdino, had diminished to 68 feet per
minute on arrival at Croxton. I declined to 35 feet per minnte on June 21 when
the ice in the bunkers was practieally all melted.  [During the firsé 4 days the
average rate of movement of air yuder the floor racks was, in general, greater in
car B than in ear A. Tt was practically the same in both carg from the fifth to
the ninth day of the trip and was slightly lower in car B than in ear A while the
cars were held oo track at Jersey Clity.

The velocity in channel 2 al the bunker (ancmometer 21 and at the quariecway
position {ancmometer 37 is also given in table 10. Sinee the cross scetion of chan-
nel 2 was unifonn throughont its lenglh, the volume flow at any point was pro-
purtional to the veloeity nt that point, Thus, in eur A the average velocity during
the trip at position 5 (quarterway) being 60 percent of that at position 2 (bunker)
indicates that 80 percent of the air entering the channel passed the quarterway
position before it emerged from the floor rack. In car B 69 percent of the air
passed the guarterway position.  The higher percentage in ear B would normally
pecur wilh a slightly faster rate of air movement under the floor rack in this car,
"The results of subsequent tesis alsy show that rom 60 to 80 percent of the air
entering the spuee under the Noor racks travels bevond the quarterway position
before it passes upward into the load.

The vecords of the two cars indicate that during the first half of the trip average
veloeitivs were higher for upper-half than for full-bunker icing. About equal
cooling ¢of the fruit was obtained under both methods of icing, but the tempera-
ture of the ajr as it entered the space under the floor rack was higher in car B than
in ear A (fig. 10). In both cars eireulaiion diminished as the fruit cooled., It
dropped sharply when the earz were placed on the holding track at Jersey City,
ag shown in table 10. Table 10 shows air veloeities in cars A and B, hut the vol-
mme of the air cirenlated woutd be in the same ralio sinee the channels under the
flaor racks were of approximaiely the same size.

These studics on air circuiation emphasize the impaortance of having suitable
floor racks to [acilitate the disiribution of air from the ice bunkers for the refrig-
eration of the fruit near the center of the ear; that is, of having adequate space
heneath and between the slats free from obstructions,

AIR VELOCITIES IN PRECOOLED SHIPMENTS

In tosts with precooled eranges the rate of circulation of air from the ice bunkers
inereascd as the load temperaiure inereased. In 19306 test No, 1, previously dis-
cussed (A, 3), air eirculation under the floor rack was measured in shipments
under full-, upper-hall-, and lower-hall-bunker icing., The oranges werc pre-
cooled to 342 T. and forwarded in cars 1hat had been pre-siced with block ice,
but were not re-iced in transit,  As would be expected, the eirculation under all
three methods of ieing was mueh slower in ears containing precooled fruit than
in those containing nonpreeooled fruif,

In this test air velocities under the foor racks of car D (full-bunker icing)
and ear I (upper-half-bunker icing} were about 30 feef per minute during the
first 12 to 18 hours. As temperatures of the fruit ruse the rate increased to 40
and 60 feet per minute, respechively,  For car F (lower-half-bunker icing, .. 2loci-
ties started at about 10 feeb per minute and inereased fo 25 feet per minute
during the first 18 hours.

The temperature to which the fruit was precooled affected the rate of air circu-
lation as showr in two shipments undor Jower-half-bunker icing in the same
test. With n fruit temperature of 34° F. the initial velocity under the floor
racks was 10 feet per minute, and with a fruit temperature of 42° it was 20 feet
per minute.
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Air velocities were also measured in the two carrier-preceoled shipments shown
in figure 12, United States Departiment of Agriculiure 1939 test No. 2, en route
April 13 to 21. During the test the weather was relatively cool, the mesn outside
temperature being 47° F.

The anemometers were located in sl six ¢hannecls under the floor rack in the
forward end of the ears, They were attached to the ear floor aboub 18 inches
from the bulkhead of the ice bunkers. Air velocitics in car A and car B are

-given in table 11 and are compared in the graphs in figure 14, Chanpels 1 to 8
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Fouge 14.--Air velocitics under floor racks (United States Department of
Agriculture 193% fest No. 2, April 13 to 21): 4, Changel 1, B, chronel 2; G,
channel 3; D, channel 4; E, channel 5; F, channcl 6. {7, Quiside temperature,
Car A, full-bunker iclng; car B, upper-half-bunker icing,

were in the seetion of the floor rack thab extended along the side of the ear which
Taced gouth most of the bime and was exposed to the dircet rays of the sin more
than the opposite side in which ehannels 4, §, and 6 were located, The anemome
eters in channels § and 6 in car A were broken on the sixth day of the test, aod
no further readings could be taken at these locations,

During the first or first 2 days en roule the eirenlalion of air in both cars was
probably affeeted to some extent by the unbalaveed temperatures witltin the load,
resulting from the methad of precooling vsed.  For {he second to fourth day en
route average velovilies under the floor racks were B4 feet per winule for car A
and 71 feet per minute for ear B. I'rom lhe fourth fo the ninth dayv, when the
teab reached Jersey City, avernge velocilies were 41 feet per minute for ear A
and 47 feet per minute for car B. In this test also air ¢irculation fell off while
the ears were held at Jersey City.

The rate of air movement was more uniform under the north and south sections
of the fioor racks in car B than I car A, Until the seventh day of the trip,
April 19, {fig. 14) velocities were higher in ear B {upper-heif-bunker icing} than
in car & {full-bunker icing), At this time 3,100 pounds of ice remained in the
bunkers of ear A and 1,400 pounds in ear B {table 9). As morc of the ice melted
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the rate of air cireulation declined faster in car B than in ear A, and on arrival
of the test cars at Jersey City, April 21, the velocities in car B; with only 500
pounds of iee in the bunkers, were practicaliy the same as those in car A with
4,300 pounds of ice,

TaBLE 1t.—-Air veloctties in Uniled States Departmeni of Agricullure 1933 orange-
iranaporiation test No. 2 on precooled fruil

Veloelty per minute for anemometers at indicaled yosi-
Lions in nir ehannels under Lhe Aoor racks
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In this test also, as indiested in table 11, the eirculation rate declined as the
fruit cooled. ‘I'he tempersture of the circulating air is given in tabie 12. These
-femperatures werc taken near the anemometers, and were generaliy 2° to 3° F.
higher in car B (upper-half-bunker icing) than in car A (full-bunker icing). On
April 19 the air temperature at the anemometers was 35.5° in car B and 32.8°
in car A; on Apri! 21 the air temperature was 36.1° in car B and 33.0° in car A.
The slower cooling of the fruit in the bottom layer under upper-half-bunker icing
was apparently the result of the higher temperature of the cireulating ajr. How-
ever, the temperatures of the [ruit in the bottom layers of both cars were aatis-
factory, being below 45° after the second day. Although the air temperatures
were generally higher in car B than in ear A, the more rapid circulation under
upper-half-bunker ieing resulted in about as good eooling of the fruit in the top
layer as with full-bunker icing. These results indicate that the cooling was ac-
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complished in car A by a relatively slower movement of colder air and in car B
by a more rapid movement of air that was not so ecld.  This, of course, is in accord
with well-recognized principles of refrigeration,

‘TasLs 12.—Temperature of cireulating air ™n car A {full-bunker icing) and car B
(upper-half-bunker icing), United States Department of Agricudlure 1938 orange-
lranaporlation lest No. 2
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1 'The delivery-alr terepoeature was taken zuder the foor rack ot the boltom apening of the foe bunker;
tha returp-air terperaliire was takoen in front af the Lop opening of the lee hupker.

Ick MEerTacE AnD Weicnr or Ice launen v TesT SHIPMENTS

The results of the studics of the clMeetiveness of half-bunker ieing indicote that
a laree amount of surplus ice is transported in the bunkers of refrigernlor cars and
that 1he eost of refrigeration service in Lhercby Inercased on Lhat portion of the
erop refrigerated in transit,  The pereenlage of (he oranges shipped {rom Cali-
fornia and Arizonn under some forin of refrigeration varics in different sensons;
in somne¢ seasons, as in 1940-41, it amounts to more than 80 percent of the total
shipments.

The eharge for freight on the jec fransported in the bunkers of refrigerator cars
has been established on the husis of the averaye weight of ive hauled, as determined
by estimatesof icein the bunkers.  No exact method has heretofore been developed
for mensuring the amount of ice melted in transit or the amount hauled during
any part of the irip fromm California Lo market destinations.  Accurate informa-
tion also has been lucking regarding the effects of fruil and outsirle temperatiures
on ice meltage. This tack of reliable dafa heas resuited in uncertainty regarding
the average weight of ice transported on which fo base an ice-hanlage charge in
the refrigeration tariff on eitrus as well as other fruits,

In order o determine the weight of the iee hauled under Lipif- and fuil-bunker
icing, 8 water-metering device, or drip meter, was employverd. The drip meters,
as illustrated in figure 15, were adupted for use on refrigerator cars. They
were clamped fo fthe ear sills af the ice bunkers, conneclion being made to
the drain pipes with a rubber hose. Each unit consisted of n streiner tank, hose
connections, and a waler moeier of standard type. The moeters vecorded the
accumulated ice melinge, whieh was checked with the aetual weight of the ice
placed in the bunkers of the cars st icing stations.  The amontnt of iec melted was
recorded by the mefers, which were read at 4- to 68-hour intervals during the trip,

In United States Depnriment of Agriculture 1936 {est Ko, 1, June 3 to 12, 19386,
a record of daily iee meltage was obtained in cars containing nonprecooled oranges
forwarded under standard refrigeration and in other cars containing precooled
oranges pre-iced with block ice {fig. 5). The tofal ice melted in cooling the fruit



http:refrigerat.ed

34 TECHNICAL BULLETIN 857, T. 5, DEPT. O} AGRICULTURE

and by the heat that entered the car through the insulation and in other ways is
given in table 13, together with data on acecumulated and hourly ice meltage and
weight of ice hauled on each day of the trip. With nonprecooled fruit during the
Airst 3 or 4 days the ice was melted chiefly in absorbing the field heat of the fruif
and thereafter by heat that entered the car from the outside, When precooled
the fruit absorbed more of the heat that entered the ear from the ouiside during
-the first 8 or 4 days; this coused fruit temperatures to rise and there was corre-
spondingly less draft on the ice.

As shown in table 13 meltage of ice in the nonprecocled shipments {cars A, B,
and G) was considerably greater during the first 3 days (Junc 4 to 8) while the

Fieure 15-—Drip meier used to reeord iee mellage in test cars.  Strainer tank
and water meter were clamped fo the underframe of the car, with hose connec-
tions to drain pipes of the ice bunkers.

fruib and the interivr of the car were heing cooled {hon it was later after the
initial cocling had been done.  During this portion of the trip hest that entered
the ear through the insulation was a less important factor in causing ice meltage
than was the heat sbsorbed from the fruit. Table 13 shows a reduction in ice
meltage after the first 3 days, although the highest outside {emperature, 104° F.,
was not until the §fth day. The average rale of meltage per hour June 4 to &
was 1380 pounds for car A {full-bunker icing), 127.7 puunds for ear B {upper-
half-bunirer), and 107.9 pounds for car C (lower-half-bunker). During the last
6 days of the trip, June 7 to 12, the average hourdy meltage was 53.8 pounds for
ear A, 55.5 for car B, and 556.2 for car C. .
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TABLE 18.—TIcing

and ice meltage records for United States Department of Agriculture 1936 orange-transportation Yest No. 1

Date

. June SE
« June 4
P [ JORN

Orange, Calif._....
Los Angeles, Calif

Do.. . .
Colton, Calif

Do

Do. e
San Bernardino, Calif .
Yermo, Calif. .
Kelso, Calif .. PN
Las Vegus, Nev_ . .. .
Elgin, Nev... . ... ...
Milford, Utah. . . .. .
Boulter, Utah._ ...
Salt Lake City, Utal
Helper, Utah.._ ...
Grand Junction, Colo. ..
Bond, Colo.. .
Tolland, Colo
Denver, Colo....
Akron, Colo... ...
Holdrege, Nebr.....
Lincaln, Nebr. . .
Omaha, Nebr ...
Pacific Junction, Town.
Chariton, Jowa....
Galesburg Il .
Chicago, 1)

Do

Clearing, I .. . ...
Runtington, Ind

Marion, Ohio._......._. .
Akron, Ohio.... . ..
Meadville, Pa. ... __
Hornell, N. Y ...
Susquehanna, Pa..
Port Jervis, N. Y ... .

(0703 1.3 (T 00 l

T ‘

2:00p. m,
3:55 a, m.
8:00a. m,

10:30 8. m. {..

2:00 p. m.
3:55 p. m,
6:00 p. m.

16 p.m,
4:15 2, m,
12:00 m,
55 ..
10:00 . m,
6:30 2. m.
2:00 p. m.
700, m,
1145 p.m.
7:00 0. m,
100 p. m,

fall-bunker icing

Car A (dry-car-londed, stnn;lur)d refrigeration,

Car B (dry-car-loaded, standard r(;frigemtian,

upper-half-bunker iclng]

Total lee

supplied
(initial and

re-leing)

Pounds f
Tie6000 00

Average
ice
meltage
per hour

Drip-
meter
reading

i Pounds

RRSTRTY

15,565

Tomaa
- )

15,012
15, 202

Pounds

Average
for
perfod
indiented

Pounds

Total ice
supplied
(initial and
re-feing)

Average
Drip-
meter ke

reading meltago

per hour

Average
perind
rfo
indicated

Pounds i Pounds Pounds

8,080
10,761

1,787

13,803

T, 8327

FER3EEERSS

Cd T &y e
b1
LANCI it bt NI D 0D

Pounds

1 Estimated weight by railroad; all other re-icings “weighed in.”
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Car B (precooled, pre-fced by shipper,

Car D (Precooled, pre-iced by shipper, ©
upper-half-bunker ieing)

futl-bunker ieing)

f Car ' (dry-car-loaded, standard refrig-

Orange, Calif. .
Los Ango]o\ (‘nm

Do.. .
Colton, (‘nlir__ .
DO

Do
8an Bornnrdino Calif.
Yermo, PURNCI,
Kelso, Cnlir.,. .
Las Vegss, Nov___
Elgin, Nev o
Milford Ctah. . .
Boulter, Ulah. .

Salt Lake City, Utah..__ |

Helper, Utnh. ..

Grand Junction, Colo.__.
Bond, Colo..... .
’I‘ollnnd Colo.._
Den\'cr, Caolo.

Akron, Colo

Holdrege, Nebr.

Lineoln Nebr. . . ...
Omaha, Nebr.._.

Pacifie Junction, Town... .

Chariton, Towa.

Guloﬁburghm.,_, I

Chicago, I
0 .
Clearing, 111 __

Huntingion, lnd..,_' .

Marion, Ohio...
Akron, 'Ohio_ .
Mecadville, Pa. .

Hornell, N. Y _. .
Susquehannn Pa..

Port Jervis, N. Y.L}
Croxton, N, Joo_.. ...}
1

j

1

| ;
!

Tota) fee
sups)hod
(initinl
and re-
feing)

Drip-
meter
reading

Pounds | Pounis
200 p.m. . ‘
IsSa.m, ..
8:00 8. m,
10:30 0. m, .
C2:00 p.m. ’
356 p.m,
G:op.m. -
2000, m, :
7000, m, '
12:00m.
7:00 p.m,
5:00a. m.

2] ¢

10
1,826
2,424 .
8,432

9, 070

S 1216 pom,

~1E18 pom.
S 12,00m.
©10:00 p, m.

145 p. m,

400 p. ., 11,160

6:15 2. m. 12, 483
545 p.m,
13, 525
6:30 8. m
2:00 p. m, i
7:00 p. m. ;4,512
7:00 . m, )
1:00 p. m,

75 p.m, " 15,012

© 5,300
5,760 |

Average
fce
meltage
per
haur

Pounds

s
IE=t=-)
Pt

2 e
ALY

06 2N 85 5 ~E D et e £3C3 = 12 e D =} I e S m ok T3 o D O

©w
z
o

PSS
2 O 83 e 21

T
ZRIRE

2]
82

Se e 574 i S0
mxI=E

eration, lower-half-bunker icing)

Avernge
far
period
indi-
caied

Pounds !

Drip-
meter

j reading

Pounds

3,006
3,178
345

Total
ice
supplind
(initinD?

Pounds
14,353

3610

3,798
3,067
4, 184
4 384

509

Average
e |

Average

for

! ‘meltage @ period

per
hour

Pounds

DNGMO D] - x

(X3
=3

Pounds -

indi-
eated

Drip-
meter

i reading

Total
fee
supplied

i (initial) ?

Avernge

Avremge

eriod
pind[-

Pounds

-
37 5

T e i e g e e
e
°m-’~°-xﬁ

&

O D S LS e

Pounds

7,002 ...

.
y Plees

CRHO~ AW Rk O WO~ NOWO O -

[EJrIEl

SRS o

HERESSSRENIRY

]
N

2REERs

2 Not re-lced.
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The meltage rate throughout the {rip was influenced ehiefly hy the temperature
of the fruit when loaded,” When fruit temperstures were relalively high varin-
tions in outsidle iemperaiure had little effect on ice meltage. TFor example,
although the outside femperature on June 5 (fig- 5} rose {from 61° I, at £ 2. m. to
07° nt 2 p. m,, ice meltage decreased. Later, however, when the fruit had cooled, a
rise in the outside temperature increased ice meltage. On June 8, when the
fruit temperatures were lower, & Tise in outside temperature {rom 66° to 104° was
followed Ey inereascd meltage of ice.

The effect of cutside temperatures on ice meitage is shown in the meter readings
of the two cars contsining precocled oranges (cars D and E) for the 4 days June 5
to 8 (table 13). The fruil was precooled to 34° F. before loading. Only a small
amount of ice was melted by the heat produced by the fruit itself,? and practically
no ice was used in further reducing the temperature of the fruit.

In cars containing these precooled, pre-iced shipments the iec melted during the
first 3 days (June 4 to 8) at the rate of 10.0 pounds an hour for car I {full-bunker
ieing) and 13.0 pounds an hour (or ear I8 {(upper-bulf-bunker icing). Although
mean cuisitde temperaiures for the last 6 days wergabout the same as for the first 3,
the rate of ice meltage incressed as fruit lemperatures beeame higher.  During
this period the meier readings showed the average hourly melfage to be 25.5
pounds for ear 1}, and 27,0 pounds for ear . After thesixth day en route these
was little change in the fruit {emperntures, the heat that entered the cars through
the insnigtion heing absorbed by the melling fve.

t For discussion of vital lieal, zee Technical Bulletin 605, p. M {foatnote 2, p. 2.
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