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INTRODUCTION

Onions are grown in many areas scattered over the United States.
Michigan ranks second among the states that produce late summer
onions. Fig. 1. While it may not be one of the lerger crops of the
state, onion production has a recognized standing among the cash
crops. There are between eight and nin? thousand acres of onions
grovn in Michigan. From this acreage, three to five million fifty-
pound sacks are harvested annually. Approximately fifty per cent
of the crop 1s put into storage.

It has been common practice to store onions in bushel crates.
With a bushel of onions weighing approximately fifty pounds, it can
readily be seen that the storage of onions would necessitate a
tremendous number of crates - one and one-half to two million in
Michigan alone.

These late summer onions are usually harvested about the middle
of September or first of October. The onions are pulled and topped
either by hand or machine and put into bushel crates which are placed
in small stacks in the field. The onions are thus left in the field
for a week or two to allow them to cure prior to being placed in
storage or sold. In the storage the onions are kept cool and dry by
proper circulation of the air. Cooling is accomplished by taking in
the cool night air and closing all outside openings during the day
until along late in the fall and early spring when the air is natural-
ly cool most of the time. In climate such as that in Michigan, it is
necessary to have the storage insulated to prevent freezing of the
onions during the severe winter months.

In recent years some of the onion growers have shown interest
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Fig. 1 Onions Ready for Harvest.



in the possibility of storing onions in bins. This concept of stor-
ing onions involves some quite extensive snd costly changes in ecuip-
ment. Pefore building & new storage or converting an old one to this
method of bin storage, the grower would naturally went to know the
most effective way to arrange his building end equipment. There ere
very few, if any, scientific solutions to the problems connected with
bin storasge of onions. Thus it is highly desirsble to try to solve

these problems by means of & research project.

PROBLIM

There is a question in the minds of some onion grovers as to
whether onions will withstend the mechenical handling that is involved
in the bin storage system. Will bin storage msintain or possibly
improve the quality?

The large number of crates that & grower needs for storing onions
by methods used heretofore represent & substentiel investment. This
would amount to between two and three million dollars for Michigan
growers alone. In addition to the cost of purchasing these crates,
there is the cost of keeping these crates repaired and in usable
condition. For some of the iarger growers, this item amounts to a full
time job for one or two men. Can the onion grower meke more money in
the long run by investing in a bin storage system end thus reduce his

labor end maintenance costs?

REASONS FOR THE STUDY

The storage of onions in bins is & comperatively new concept

end very little, if any scientific informstion is availsble. It is



believed that considerable time and expense can be saved by storing
onions by this method compared to previous methods. This project was
underteken to gather end evaluate informetion vital to the proper de-

sign and facilities for the satisfactory storage of onions in bins.

PCINTS INVESTIGATED

The work on the project was divided into the following pheses:

1. Improvement of equipment for smoother operation of plecing
onions in the bins.

2. Study of the effect of harvest procedure on the storesge
quality of onions stored in bins.

3. The determination of the necessary rate of &ir circulation
through onions &s they are stored in bins.

4. The improvement of automatic control of air circuletion.

REVIEW OF LITERATURE AND PREVIOUS WORK

The ability of onions to keep well in storage, irrespective of
the method of storing, is to a great extent dependent upon the condi-
tion of the onions prior to placing them in storage. Hoyle,3 in his
work on stage of maturity and length of topping as these fectors
affect the bfeakdown of onions in storage, points out some interest-
ing findings. Onions with green tops were found to have the most
shrinkege and the highest losses due to spoilage in storage. Those
with the tops dried down kept the best and had the least shrinksge.
The onions with the shortest tops (no tops up to one inch) generally
showed the least rot and total loss. He also found that the length

cf the top had little effect if the top was dried down. This tends



to bear out the results of this project in connection with onions
stored with the dried tops on.

The type and amount of curing prior to storage 1s another factor
which has its effect on the ability of onions to keep in storsge.
Mr. Hoy1e4 also mede a comparative study of artificlally cured, field
cured, and non-cured onlons as to their consequent result on storage
losses. He made his comparisons on the following six treatments:

l. Onion bulbs alone - no curing.

2. Onion bulbs alone - field cured in burlap begs.

3. Onion bulbs alone - artificially cured in begs,
heated to between 105 and 118° F.

4. Same as No. 1 plus a few tops.

5. Same as No. 2 plus a few tops.

6. Same as No. 3 plus a few tops.

After one month in storege all treatments were checked. The
results from the least to the most rot were in this order: 6, 3, 1,
2, 5, 4, with treatment No. 6 being significantly better than all
other treatments excepting treatment No. 3.

Mr. Hoyle came to these conclusions:

1. Moisture loss was the greatest where rotting was
severe.

2. Field curing in burlap begs was generally unsatis-
factory.

3. For storage, onions should be free as possible
from bruises, cuts, and green materiel.

4. Bulbs with green material mixed among them stored

well after artificisl curing, but quickly decayed
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if field cured or not cured.

5. In all the experiments conducted, the artificial
curing saved much time and was highly satisfactory.

6. No bulbs showed heat injury from the artificial
curing. The heating was done to remove excess
moisture which is conducive to decay.

Even though the onions may be properly matured and cured, they
will not keep satisfactorily unless storage conditions are at or at
least neer optimum. Wright,9 Lauritzen, and Whitemsn in their work
with storage temperatures &nd humidities, report that sprouting in-
creases with higher storage temperature. They point out further that
the relative humidity has very little effect on sprouting. However,
rotting increased with an increase in relative humidity but showed
1ittle response to increased tempereture.

Cleaver,1 in his work on storage conditions in Indiena reported
that in storages on which he kept data, the grower whose storage
temperature averesged the warmest had 700 per cent more loss than the
grover vwhose average storage temperature was the coolest. Losses
were always higher in storesges that had warmer aversge temperature.
These losses were due principally to sprouting which in turn is in-
duced by high temperatures. He considered relative humidity im-
portant but second to low temperature. He also stressed the import-
ance of proper attention to storage management during the last half
of the storage period. (January 1 to March 1).

It has been determined that most ideel storsge conditions for
onions ere a temperature of 32° F. (onions freeze at about 29° F.) and

relative humidity of 70 to 75%. In an effort to epproach and, if



possible, meintain these ideal conditions, most growers use netural
or more often forced ventilation. Depending on the section of the
country, these methods of ventilation have limitations obviously
due to climate in being able to approach the desired 32° F. tempera-
ture. The usual procedure for cooling by ventilation during that
part of the storage period when the outside air does not remain at
or below 32° F. is to take into the storage the cooler night air
and closing all outside openings during the warmer pert of the day.
Due to fluctuations in temperature, it is highly desirable to have
the ventilation system, that i1s the intake fan and outlets and in-
lets, automatically controlled by means of thermostats.

Automatic controls of this type were used by Truscott,7 Franklin,
and Gilliat in the study of automatic ventilation for common storages
at the Ontario Agricultural College. They report that they were &ble
to maintain everage storage temperatures six degrees below outside
temperature. Working with two storages, one cinder block and the
other frame construction, they were able to maintain, with the aid
of an electrical heating element, a 32° F. temperature from November 10
to April 1 for a period of twenty years. Their tests were made with
the storages empty to ellow for maximum fluctuation of temperature.

It is probeble that these results could be closely approached,
if not attained, in the onion growing areas of Michigan &snd other
northern states. In ereas farther south, it would indeed be diffi-
cult due to the previously mentioned climatic differences.

The idea of storing onions in bins is comparatively new and the
author was unable to find many references to work that has been done

in connection with this method of storage. However, Mr. Witzel,8



after designing and observing the operetion of a large storage in
Wisconsin for three years, recommended some significant chenges.
These changes were to revise from sack storage to bin storage with
the use of conveyors and elevators for plecing the onions in and re-
moving them from the storage. He also recommended the use of forced
air circulation &nd refrigeration in order that the onions could be
put into storage early without excessive sprouting.

Mr. Fitch? had had considerable experience with onion storages
and his compilation of meterial herein referrsd to is based on the
actual experiences of Mr. Fitch and the people for whom he has de-
signed storages and others whose storage practices and operations he
hes observed. He has built several storages in Iowa and has observed
storage practices and design in the Red River Valley, New York, Illinois,
Wisconsin, Towa, and Michigan. Sketches and comments are presented as
& basis for design whereby the prospective storage builder can proceed
to construct a satisfactory onion storage facility.

Inasmuch as the design of the storage itself is not of prime im-

portance in the portion of the project herein reported, the author
will not elaborate beyond stating that proper design is important.
Mr. Fitch's points about curing and storage temperatures are quite in
agreement with previously cited meterial. Other points that Mr. Fitch
makes are quite in line with the author!s thinking as to possible im-
provements for succeeding work on this project.

This project on bin storage, the second year of which is the
subject of this thesis, was originated prior to the 1949 onion harvest
sezson. Mr. Lester Whitney conducted the work during the first yesr

of the project. His work dealt chiefly with the design and installa-



tion of the bins, elevator, conveyors, fen and air distribution, the
placing of the onions in the bins, &nd the removal at the end of the
storage period.

The apparent success of Mr. Whitney's efforts resulted in some

Michigan onion growers using the bin storage system this past season .

METHOD OF PROCEDURE

Changes in Equipment

Certain alterations of equipment in connection with this project
were deemed advisable with due regard for the ability of Mr. Whitney
in his design and subsequent operation of this equipment during the
previous season. The seasonal nature of the work on a project of this
type and the necessity of observing the equipment during the limited
operation in order to determine what changes are needed to improve
the function of said equipment, mekes it necessary to incorporate
such improvements in the succeeding season of operation. The author
recognizes the fact that it is usually easier to make improvements on
basic designs than to make these besic designs and have them function
properly from the beginning.

This project was located at the College Muck Farm about twelve
miles northeast of East Lansing, Michigan. Fig. 2. The onions were
growvn on the project location. After being topped and put in crates
in the field, the onions were brought to the storage by truck. The
truck backed onto the drive floor to where the onions in the crates
could be dumped from the truck into the hopper of the elevator.

Fig. 3 and 4. The elevator placed the onions on a conveyor above the

bins from which the onions were diverted into the bins via a canvas



-10-

chute. Fig. 5, 6, and 7. The onions were removed from the bins
after storage by removing removable slats in the bottom of the bins
which allowed the onions to be brought sgain to the drive floor by
another conveyor. Fig. 8.

To improve the operation of the elevator, which was running too
fast and throwing the onions off the upper end, a jack-shaft was
employed to reduce the motion to one-half the former speed. Fig. 9.
Additional flights, one between those previously used, were incorpo-
rated to maintain the original capascity. Fig. 3.

The canvas chute, by which the onions were lowered from the
conveyor to bin, was formerly of one piece and awkward to hsandle
as the level of the onions rose. In an effort to facilitate easier
menipulation, the chute was made into four detachable sections about
two feet in length. These could be readily unsnapped from the above
section as the height of the onions increased within the bin.

The method of measuring the air flow through the onions of the
various bins by means of differential pressures between the plenum
chamber and the spsce underneath the bin as used by Mr. Whitney had
not been too satisfactory. Upon deciding that it might be better to
measure the air that actually pessed through the onions, plywood
covers were fitted to each bin. In the center of each cover a six-
inch diameter hole was cut and fitted with a short section of six-
inch stove pipe to which additional pipe could be attached. Fig. 10.
The velocity of the air through the length of stove pipe (about
five feet from the elbow to allow for uniform flow over the cross
section of the pipe) was measured with a velocimeter. The covers

were not sealed as they had to be removable for observation of the
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Fig. 2 Storage Building et Site of Project.
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Fig. 3 Sketch of Storage Lay-out.
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Fig. 4 Onions on Elevator.




Fig. 5 Onions - From Elevator to
Conveyor.
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Fig. 6 Onions - From Conveyor to Canves
Chute.



-16-

Fig. 7 Onions From Canvas Chute to Bin - Showing Plsc-
ment of Check Bag.
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Fig. & Onions Being Removed

from Bin.
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Fig. 9 Speed Reduction for Elevator.

Fig. 10 Measuring the Air Flow.



-19-

onions. However the covers were held down by weights in an effort
to keep the leakage of air around-the edges to a minimum. Inasmuch
as test results were on a comparative besis and the leakage of each
cover was approximately the same, the leakage was not considered
important.

The fan for circulating the air had been so connected that it
could be turned on and off either masnually or automatically by means
of thermostatic controls. These thermostats, one on the outside of
the storage to sense the outside &ir temperature and one on the wall
of one of the bins to sense the temperature of the air around the
onions, were set to limit the fan operation to a given temperzture
range. This arrangement was not adequate due to the fact that the
type of thermostat used in the bin was such that it had to be mounted
on the wall of the bin above the onions and out of the stream of air
vwhich was directed to the outlet in the center of the cover. In an
effort to correct this difficulty, another type of thermostat was
procured. This thermostat, the main body of which was mounted on the
outside of the bin and had a five foot capillary tube with an ex-
tended feeler bulb, which was placed near the center of the partic-
ular bin of onions.

The bulb was so placed by sliding it and the connecting capillary
tube through a length of one inch pipe, which also served &s pro-
tection for the tube. With the bulb at the end of the pipe, the
plpe was withdrawn enough so as to leave the bulb in the air stream
within the onions thus sensing the air temperature therein.

During the first part of the storage season until subfreezing

temperatures occurred, the air intake for the fan was not covered.



However, it eventually became necessary to cover this opening to
prevent freezing within the storage. The cover that had been built
for the opening was heavy and cumbersome to handle and when it ceme
time to use it this pest season, it being made of wood, had ex-
pended so that it did not fit. For lack of anything better at the
time, this cover was used during the fore part of the winter. By
mid-winter the author had alleviated the situation by installing a
new fan opening cover. This cover was made of three-quarter inch
plywood on the backside of which were fastened two thicknesses of
three—-quarter inch rigid insulation board. Within the mid-section
of this cover, an electrically operated louver 28 inches square

was affixed. Fig. 11. During severely cold weather, this louver
could also be covered with two thicknesses of three-quarter inch
rigid insulation board. Fig. 12.

It was originally planned that the louver would be actusted
through the thermostatic controls for the fan and would open as the
fan was turned on. However, this did not operate as the louver motor
was not sufficiently powerful to open the louver against the suction
of the fan. It then became necessary to open the louver before the
fan wes turned on. This was accomplished by having the thermostats
operate the louver which in turn operated a mercury switch through
& lever arrangement such that the louver was nearly wide open before
the fan was turned on. Fig. 13. When the onions have thus been
cooled, or the outside air has become warmer thean desired for
sufficient cooling, the thermostats break the louver motor circuit
and the louver closes under spring tension turning off the fan.

If it is desirable during the beginning of the storage season
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Fig. 11 Outside View of Louver in Fan Opening
Cover.
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Fig. 12 View of Cold Weather Louver Cover.
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Fig. 13 Plug-in Connection with Fan Open-
ing Cover in Position.

Mercury Switch for Fan (Upper Right)
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to take in more air than is possitle through the louver during this
period, the cover can be removed. To facilitate the necessery chenges
in the wiring for sutomatic control of the fen operation, & system

of plug-in connections has been devised. Fig. 13 and 14. These plug-
in connections, three in number, have been placed accessibly at the
side of the fen and each hes & different type of plug to prevent the

wrong connection from being made.

Putting the Onions in Storage
The general procedure was given above to orient the reader &nd
will not be repezted here except when necessary for claerifying further
details.

The onions stored in bins one, two, three, four, and five, Fig. 3

were placed therein September 7, 8, and 9, 1950. Due to rainy weather,
bins six and seven were not filled until September 18 and 19, 1950.
As the onions were being put into the bins, thermocouples were placed
in 11 bins &s follows: one in the &ir chember under the bin, one at
the three-foot level, one at the five-foot level, one, at the seven-
foot level, and one in the &ir space above the oniéns; To &llow for
en &ir spsce between the onions and the cover, the bins were filled
only to the eight-foot level wheress the covers were nine and one-
helf feet from the bottcm of the bins.

Three twenty-five pound check bags were placed in each tin &s
it was being filled; one at the three-foot level, one at the five-
foot level, and one &t the seven-foot level.

Aside from the two men dumping the onions from the crates on the

truck into the hopper of the elevetor, a msn was stationed along the
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Fig. 14 Plug-in Connection with Fan Opening

Cover Removed.
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conveyors to insure the continuous flow of onions into the cenves
chute &s the onions did not elways roll off the conveyor. A fourth
men was stationed in the bin where he directed the flow of onions

from the canvaes chute, placed the thermocouples and check bsgs.

Harvest Procedure

The onions that were stored in bins ogne, two, and three were
machine topped &and windréwed in the field for ebout a week to ten days
prior to storing. These three bins were filled with equal quanti-
ties of onions of the same quality and from thke same area in the
field.

For bin number four the onions with the tcps left on were
allowed to dry somewh&t in the field before being put iﬁto the bin,

The onions for bin five were hand topped and left in windrows
for a few days before storing.

The onions for bin six were machine topped and left in windrows
in the field three or four days before being put in the bin.

For bin seven, the onions were machine topped and placed direct-
1y into the bin.

In order to compare bin storage to crate storage as previously
described, eleven crate samples for each of bins four, five, six,

and seven and one such sample for bins one, two, end three, were

stored as is customary for crate storage.

Data Taken
With the thermocouples placed &s indicated above, the tempera-
ture reedings were teken and recorded. Table 1. (appendix). These

readings were discontinued after it was decided that the onions
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were keeping end very little temperature difference occurred in the
bins.

From time to time during the first three months of the storege
period, the relative humidity of the air as it entered the bottom
and left at the top of the bins, was checked by means of an aspira-
tion psychrometer. Teble 2. (appendix).

The rate of air flow, while the fen wes running, was checked
and corrected if necessary at least once a week until freezing
weather made it inadvisable to run the fen &nd risk freezing the
onions. Fig. 10. Table 3. (appendix). The rate of air flow was
regulated by means of openings between the plenum chamber and the
eir spaces beneath the respective bins. Having had good results
during the previous season with approximastely one cublc foot of air
per minute for each cubic foot of onions, this was the besis fof the
determination of the rate of flow for bins four, five, six, and
seven. As the rate of air flow wus the object of study for bins

one, two, and three, the respective rates were different. (Calcu-

lations shown in eppendix). The rate for bin gne was based on one
cubic foot per minute, for bin two, one-half of & cubic foot per
minute, and bin three on two cubic feet per minute of cubic foot
of onicns.

In connection with the air flow,the static pressure within
the plenum chamber wes checked and adjusted by means of an adjust-
able opéning in the end of the plenum chamber furtherest from the
fen. This pressure was meesured in inches of water by means of a
nanometer.

The actual operation of the fen, for the most part, was con-
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trolled manuslly. This was due to the fact that the original thermo-
static control set-up did not function properly, and there was some
delay in heving the revised set-up wired. Therefore the operation

of the fan was left to the discretion of the foreman of the Muck
Farm where the project was located.

A record of the fan running time was recorded automaticelly by
means of a recording thermometer. The feeler bulb of this thermo-
meter was fastened to the outside of the fan motor. When the fan
was turned on, the bulb would sense the added heat of the motor and
this change in tempersture would thus be recorded on the weekly chart
of the recorder. In addition to this, the foremsn kept a record of
the time that he operated the fan. 4is it turned out, both methods
had their fallacies. There were times when the air was guite cool
and the flow of air over the motor would carry awey the heat quickly
enough so that no rise in temperature was recorded on the chart.
There were also times when the recorder failed to function properly
and after December 23, 1t would not function at all. Also the record
that the foremaen kept from the beginning of the storage period in
September up to January 1 was lost. Therefore, the record of the
running time of the fan for this period could only be approximsted
as taken from the record charts.

As indicated in Table 4 (zppendix), part of the onions were re-
moved from the bins, to be sorted and sold around the first part of
January and every so often thereafter. It became difficult to main-
tain the air flow adjustments from that time on and therefore the
record of the eir flow rate was discontinued.

A1l other data was tsken ss the onions were removed from the



-29-

bins. Table 4. This data consisted of date of removel, the weight
of the good or salable onicns, and the weight of those culled out
due to rotting end sprouting. As the respective bins were emptied,
the corresponding crate semple and check sacks were also weighed
end graded. Some of the check bags rotted so that it wes impossible

to complete deta on all of the original begs.

Bruising Tests

After the onions had been put in the bins, there wes some specu-
lztion as to the merits of the canvas chute and the necessity of a
man in the bins. Being uneble to find any information as to the
amount of bruising or the height thet onions could be allowed to fell
freely end not impeir their sslability at the end of the storage
period, it wes undertsken to make such informstion aveilable end
prove or disprove the need of the canves chute or some similiar
device.

The effect of bruising wes thus tested. The test was so de-
signed that the results could be analyzed by statisticsl methods. The
onions used in the test were divided into three sizes, small (1 1/2
to 1 3/4 inches in dizmeter), medium (1 3/4 to 2 1/4 inches in dia-
meter), and large (2 1/4 to 2 3/4 inches in dismeter). Three ssmples
of each size were dropped one at a time from heights of three, five,
seven, nine and eleven feet. Three samples of each size were dropped,
four at a time from a height of nine feet. The controls, three
semples of each size, were not dropped. The onions were dropped in-
to bushel crates which simulated the slated bottom in the bins and

considered the most severe in so far as bruising was concerned.
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After the onions were bruised on the 29th of October, they were
stored under conditions similar to the onions in the bins. These
bruised samples were graded on Mzrch 1st, 1951.

Supposedly, each sauple was made up of 65 onions. However, in
checking the results, it was found that some of the samples varied
slightly. Because of this disecrepancy and to make the results more
mesningful and easier to analyze, the final data was put on a per-
centage of good onions basis. The number of salable onions and the
actual number per sample were recorded from which was figured the

heretofore mentioned percentecge.

RESULTS

The changes that were mude in the equipment prior to and during
the onion storage season of 1950-51, were considered worthwhile im-
provements. By reducing the speed and increasing the number of
flights on the elevator, the flow of the onions from the elevator was
steady yet gentle enough that the onions were not bruised.

The rate of air flow could readily be read at the end of the six-
inch duct which was attached to the hole in the cover of the respec-
tive bins. However, it was somewhat inconvenient when adjustments
were necessary &s the adjustable openings were at the bottom of the
bins and thus involved climbing up and down a ladder.

It was not possible to maintain the calculated rate of air flow
through bin No. 3, (two cu. ft. of air per cu. ft. of onions) even
though the opening was wide open. However, it was possible to main-
tuin a rate of air flow in this bin sufficiently higher than that for

bins No. 1 and 2 with which the rate of flow was beilng compared. The
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results of thls compzarison are somewhat inconsistent, although bin
No. 3, with the highest rate of flow, did show & slizht improvement
over bins No. 1 and 2. Fig. 15. Table 4. (appendix).

Due to the fact that the revised automatic control arrsnge-
ment was not completely connected until well toward the end of the
storage period, the merits of this arrangement could not be fully
realized within the time allowed for this thesis project.

The temperatures taken during the first month of storage
indicated that the onions did not heat, except for bin No. 2 at the
beginning, and thus were considered to be keeping satisfactorily.
However, these temperature readings together with the relative hu-
midity data indicate that there was some excess moisture in the onions
but the relative humidity of the outside air that was drawn into the
bins was at times too high to remove very much, if any, of this ex-
cess.

As indicated by the storage data, the onions that were hand
topped kept somewhat better than those stored with the tops left on.
Fig. 15. However, both the hand topped onions and thoée with the tops
left on kept better than the machine topped onions. There is also an
indication that onions brought direct from the field kept better than
those left in the field a few days before storing.

Inasmuch as the data and results of the previous season were
not published or made available at the time this thesis was written,
the suthor could only compare the results herein with verbal in-
formution from those who had observed the work of the previous season

In making such a comperison, it will be sufficient to state that the
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onions kept better during the 1949-50 season than they did for the
1950-51 season. This could readily be due to factors beyond the
scope of this project.

The author used statistical methods in determining the results
of the bruising tests. Table 5. (appendix). An asnalysis of
variance was muade of the data on a percentage basis. The results
for the small onions were inconsistent. It was found that the medium
sized onions could not be dropped more than five feet without signifi-
cant loss. The large onions could not be dropped more than three feet.
In analyzing those onions dropped from the nine-foot height, one at
& time versus four at a time, it was found that those onions dropped
four et a time had a significantly higher percentage of good onions
then those dropped one at a time. However, those dropped four at &
time from & nine-foot height still had a significant loss when com-
pared with the control. This would indicate that onions sustain less
bruising when dropped in groups. These results show that it is
necessary to use the canvas chute or some other means of breaking the

free fall of the onions when there is more than & three foot drop.

CONCLUSIONS
On the basis of the results of this phase of the work on the
storage of onions, the following conclusions have emsnated:
1. The merits of bin storage are still in doubt.
2. Hand topped onlons and onions stored with the
dried tops left on the onions have the least
losses in bin storage.

3. In Michigan it is nearly impossible to masintain
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the desired onion storage conditions with the
circulation of outside air only for a long storage
period. (September to March'l).

Onions should not be allowed to fall freely more

then three feet to the floor of the bin.

SUGGESTIONS FOR FUTURE STUDIES

observations made during the course of this study, the
offers the following suggestions:

Put baffles in the canvas chute to break the free

fall of the onions.

hrrange to manipulate the canvas chute from the top
of the bin and thereby make it unnecessary to have

a msn in the bin. This would alleviate the packing
end possible bruising that were thought to be factors
in the high per cent of spoilage in the study.

Use either heat or chemical to control the relative
humidity or the s&ir.

Give the automatic fan controls a fair test.

Devise an accurate method of recording the fan running
time and the time of dey that it is in operation.

Try tilting the conveyor slightly toward the bin

being filled to see if onions will roll off more
readily.

Test the bruising of onions agzinst onions.
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LPPENDIX

CALCULATION OF RATE OF AIR FLOW THROUGH BINS

—————

Each bin had the same dimensions.

Length = 6 feet.
Width = 4.5 feet

4.5 x 6 = 27 8q. ft.
Bins 1, 2, and 3 were filled with onions 9 feet deerp.
27 x 9 = 243 cu. ft. onions per bin.
Lree of 6 inch round duct where flow wes measured.
A =Hr? = 3.4 x (3)? = .196 sq. ft.
For Bin No. 3, the ailr flow was based on:
2 cu. ft. of air per minute per cu. ft. of onions.

243 x 2 = /86 cu. ft. per minute.

Velocity = VOLUME NEEDED
Area of Duct.

V= .4% = 2480 ft. per minute.

Ll

For Bin No. 1, the air flow was based on 1 cu. ft. of air per
cu. ft. of onions.

243 x 1 = 243 cu. ft. per minute.

V= %% = 1240 ft. per minute.

For Bin No. 2, the air flow was based on 1/2 cu. ft. of air per
minute per cu. ft. of onions.

243 x 1/2 = 122 cu. ft. per minute.

V = .lg_z = 623 ft. per minute.
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Table 2

Relative Humidity Data

Bin No. 1
Date of Air Going Into Bin Air Coming Out Of Bin
Reading D. B. W. B. R. H. D. B. W. B. R. H.
Sept. 14 61 59 90% 61 60 95%
Sept. 15 65 59 70% 60 58 90%
Sept. 17 54 50 75% 53.5 51.5 87%
Sept. 20 68 60 64% 59.5 57 85%
Sept. 22 62 57 4% 59 58 94%
Sept. 27 66 56 53% 58 53 7%
Sept. 30 60.5 58 85% 64 64 94%
Oct. 4 55 49 65% 54 50 75%
Oct. 7 59 53 69% 53 51 88¢
Oct. 12 52.5 48 72% 53 52 93%
Bin No. 2
Date of Alr Going Into Bin Alir Coming Out Of Bin
Reading D. B. W. B. R. H. D. B. W. B. R. H.
Sept. 14 61 59 90% 63 62 94%
Sept. 15 65 59 70% 60 60 100%
Sept. 17 54 50 75% 53.5 51.5 85%
Sept. 20 68 60 64% 60.5 59 92%
Sept. 22 62 57 4% 59.5 58.5  95%
Sept. 27 66 56 53% 55 52 82%
Sept. 30 60.5 58 85% 63 62 9%
Oct. 4 55 49 65% 52 50 88z
Oct. 7 59 53 69% 53.5 51.5 85%

Oct. 12 52.5 48 7% 53.5 53 964



Date of
Reading

Sept. 14
Sept. 15
Sept. 17
Sept. 20
Sept. 22
Septc 27
Sept. 30
Oct. 4

Oct. 7

Oct. 12

Date of
Reading

Sept. 14
Sept. 15
Sept. 17
Sept. 20
Sept. 22
Sept. 27
Septo 30
Oct. 4

Oct. 7

Oct. 12

Table 2

Relative Humidity Data

Bin No.
Air Going Into Bin Air Coming Out Of Bin
D. B. W. B. R. H. D. B. W. B. R. H.
61 59 90% 61 59 90%
65 59 0% 62 59 85%
54 50 75% 53 51 88¢
68 60 6,% 60.5 57.5 8,%
62 57 4% 58 57.5 98%
66 56 53% 55 52 82%
60.5 58 85% 63.5 61.5 90%
55 49 65% 50 45 68%
59 53 69% 51.5 49.5 86%
52.5 48 7% 53 51.5 91%
Bin No. 4
Air Going Into Bin Air Coming Out Of Bin
D. B. W. B. R. H, D. B, W.B. R, H.
61 59 90% 62 60.5 92%
65 59 70% 62 59 85%¢
54 50 75% 53.5 51 85%
68 60 64% 59.5 56.5 8%
62 57 4% 59 58 9%
66 56 53% 55 52 82%
60.5 58 85% 63.5 61.5 90%
55 49 65% 50 46 75%
59 53 68% 52.5 49 78%
52.5 48 7% 53 51 88%



Date of
Reading

Sept. 14
Sept. 15
Sept. 17
Sept. 20
Sept. 22
Sept. 27
Sept. 30
Oct. 4
Oct. 7
Oct. 12

Date of
Reeding

Sept. 17
Sept. R0
Sept. 22
Sept. 27
Sept. 20
Oct. 4

Oct. 7

Oct. 12

Date of
Resding

Sept. 20
Sept. 22
Sept. 27
Sept. 30
Oct. 4
Oct. 7
Oct. 12

Relative Humidity Data

Table 2

Air Coming Out Of Bin

D‘ B.

w. B.

R. H.

61
62
53.5
61
58.5
55
63.5
50
52.5
53

59
59
51
57
56.5
52
61
45
49.5
51

8%
8,%
85%
78%
8%
82%
87
68%
814
88t

Air Coming Out Of Bin

Bin No. 5
Air Going Into Bin
D. B. W. B. R. H.
61 59 90%
65 59 70%
54, 50 75%
68 60 64%
62 57 4%
66 56 53%
60.5 58 85%
55 49 65%
59 53 69%
52.5 48 72%

Bin No. 6
Alir Going Into Bin
D. B. W. B, R. H.
54 50 75%
68 60 64%
62 57 4%
66 56 53%
60.5 58 85%
55 49 65%
59 53 69%
52.5 48 72%

Bin No. 7
Air Going Into Bin
D. B. W. B. R. H.
68 60 64%
62 57 L%
66 56 53%
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