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Aeration

of Wheat

in Prolonged Storage
for Quality Control

By H. H. DeLong!

Introduction

Grain  surpluses accumulated
since World War II have prompted
a re-evaluation of the problems of
grain storage and a search for ways
to preserve grain quality for longer
periods. It is not necessary to point
out the statistics of the storage prob-
lem; the kinds or quantities in sur-
plus or whether it is stored on the
farm, terminal elevators, in Govern-
ment bin sites, or in the holds of
ships not in active service.

Careful studies are being made,
or have been made, in connection
with grain storage for each one of
these structure types. This bulletin
will report on studies on aeration of
wheat stored in Government Bin
Site structures in South Dakota,
1953 to 1956. During the same peri-

od similar studies were made in

Kansas on wheat and in Iowa and
Indiana on shelled corn.2

The Problem

Grain in long-time storage must
be kept at or near its original quality
if the owner is to receive his finan-
cial return. The grain in government
storage, if not maintained at high
quality, will be less valuable and

Dakota

'Agricultural Engineer, South
Agricultural Experiment Station.

*Cooperating agencies were the state Agri-
cultural Experiment Stations ( %rough
their Agricultural Engineering Depart-
ments ), the Commodity Credit Corpora-
tion of the USDA, Marketing Research
Division, state P.M.A. offices (now
ASC), and, in South Dakota, the Sully
County P.M.A. (ASC) organization at
Onida.
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Bin cross-sections of elevation view. Figure 1. Location of place of moisture migra-
tion—0-12 inch depth (O—outside, M-—middle, C—center). Figure 2. Path of slow
convection currents of air during fall and winter. Figure 3. Air flow pattern due to
forced ventilation of the exhaust fans (counterflow to figure 2). Figure 4. The “F”
series bins had air ducts in the bin bottoms, as shown in this cross-section.

tans would provide some relief from
moisture migration (4). The type of
ventilation was not a drying process,
as no drying was necessary for the
bulk of the grain, but rather an “acer-
ation” process to help the grain re-
tain its quality.

A Possible Solution
The purpose of the experiment

was to find the optimum amount of
aeration, and to explore some of the

ways to accomplish this with small
fans and wind ventilators. The aer-
ation fan installation was partially
designed to break up the natural
convection currents of air as shown
in figure 2. Figure 3 shows how
funs can be installed in a “counter
flow” pattern. The air is exhausted
to the outside, or in cases of high
humidity outside, air may be recir-
culated. Figure 4 shows another
installation with air ducts on the
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bin floor. This gives uniform air
How downward.

Facilities and Bin Site

The Sully County AS.C. Bin
Site at Onida was chosen as a place
tor the South Dakota trials because
it was adequate in size, and was in
the hicart of the state’s spring wheat
arca. Forty 3.000-bushel bins from
the group of nearly 75 were set
aside for a long period storage
study. Figure 5 shows a plan view
of part of the bin site with the 40
bins in the first year's study plus the
siv added for the second year.

These bins were cvlindrical gal-

vanized steel bins of 3,000 bushel
size. They had been filted during
July 1953 with wheat of the 1952
crop which had been stored on
farms through onc season. Figure 5
shows location of each type of tan
with its eight replications.

The following treatinents were
used:

{1) Eight bins received no aer-
ations. (Check bins)

(2) Eight bins had 50 c.fm.
fans.

(3) Eight bins had 100 cfm.
fans.

(4) Eight bins had 200 c.f.m.
fans.

(5) Eigz,ht bins had a special
make of wind ventilator or
“cupola.”

Each of the fans and the “cupo-
las” were connected to an 8 inch
galvanized steel pipe which was
driven down the center of the re-
spective bin about 12 feet of the 18-
foot depth (figure 3). Such an in-
stallation can be made after the bin

is full of grain. The top center lid of
the bin is removed and the ventila-
tor pipe is driven downward. Grain
from within the pipe must be ex-
tracted by an “Evacuvator” or some
other means to facilitate driving the
ducts down. The lower end of the
ducts had perforated sections, but
the top part of the pipe, next to the
fan, was solid for 6 feet. (Variation
in the amount of the perforated
part gave no evidence that this was
a major design problem.) The tube
and fan assemblies cost from $30 to
$50 depending on the motor sizc
and type. Installation cost was not
included. The wind ventilator, «a
special Braidert pattern of 36 inch
height, cost about $30.

No exact pattern was followed in
placing the fans and cupolas in the
bins except to avoid placing all of
one kind adjacent. The grain was
brought in from many parts of the
county at the time of filling, and”
the grain was not uniform as to
grade and test weight,

The fans and exhaust pipes were
then installed, as were the cupolas,
in August 1953. The bins with fans
and motors were wired for energiz-
ing the electric motors. Three ther-
mocouple wires were inserted in
each bin as shown in figure 6. The
first year these were in location “m,”
“n,” ‘and “o”. After that the loca-
tions were “n,” “0,” and “p.”

The second year (summer 1954)
six more bins were added. In these
the air ducts were placed in the bin
floor before the bins were filled.
Motor and fan were installed at the
scoop door location and covered
with a protecting sheet metal house.
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Bin plan

Vertical section through A-A°

Figure 6. Location of ventilator tube and thermocouples.

The grain used in these bins was
similar in quality to that stored a
year earlier. Three of the fans were
controlled by a humidistat and the
other three by a thermostat. Both
instruments were activated by out-
door air. Each trio had one 50
cf.m., one 100 cf.m., and one 200
cf.m. fan. At the same time two
other similar groups of three bins
from among the original 40 were
put on thermostatic control. (See

groupings in figure 5. )

All fans were adjusted to the de-
sired output by throttling the inlet
or outlet with partial closure. When
first installed, the back pressure of
operation was so low that all fans
produced more than their rated ca-
pacity except on bins 4F and 5F.
A vane anemometer was used to de-
termine air velocities in the delivery
tubes, from which was calculated
the c.f.m. output.

Procedures

Temperatures

The procedures were designed
to gain three sets of data: (1)
monthly temperature changes, (2)
monthly moisture changes on the
top surface, and (3) yearly inspec-
tions of the grade of the grain and
its quality. Temperatures were read
each month from three strings of

thermocouple wires, each with six
junctions, giving 18 temperature
readings per bin. A potentiometer
calibrated to read direct for the
Fahrenheit scale was used. The first
year it was noticed that the top
junctions and the entire outer
string gave temperatures that re-
flected outdoor temperature of the




Aeration of Wheat in Prolonged Storage for Quality Control 7

past day or two, and not necessarily
the typical one for the month.
These readings were not included
when making up an “average” tem-
perature for a bin. During the re-
maining tests the wires were at lo-
cations “n,” “0,” and “p.”

The temperature data, which
were detailed and extensive for
each year (720 readings per
month ), were summarized in a line-
graph for each point for the year
on figures 7 through 17. This gives
every reading for the year for a
group of bins. There are 18 line
graphs in each figure, and each line
consists of 10 monthly readings. In
the case of a group of eight bins
each point reading is an average of
eight bins at similar location in
that group.

The temperature itself is not an
indication of grain condition but
can be used to estimate what is hap-
pening or what may happen. “Hot
spots” caused by insects or molding
could have been detected; however
there was no serious disturbance
from either in this 3-year test, ex-
cept those that showed up at the
top center. There the condition was
observed and not located by tem-
perature change.

Moisture Migration

Each month samples of grain
were taken from four locations in
the trouble zone of moisture migra-
tion. Four to six probings went into
the “sample” and they were taken
from these four locations: (1) 0-6
inch layer near the bin center, (2)
6-12 inch layer near the center, (3)
0-6 inch layer one-half way out
from center and (4) 6-12 inch layer

one-half way out from center. This
area is referred to as “Middle” in
contrast to center or outside. These
samples were taken from every bin
and the moisture content deter-
mined on a Tagg-Hepinstall mois-
ture tester. These were recorded in
the field books for individual bins,
but on annual reports the group
figures were averaged and a line
graph made such as appears in
figure 7 through 17. The results
show a seasonal trend, with mois-
ture contents getting up to trouble-
some levels in many cases. When
groups of eight bins were divided
for some variation of treatment two
group averages were made and are
shown in figure 12 through 17.

Grain Grade

Each year about September 1
and May 30, each bin was probed
for samples for grading by the Fed-
eral grain inspectors at Minneapo-
lis. One sample was taken from the
0-6 inch layer in the trouble area,
one from the 6-12 inch layer below
the first, and the third was a com-
posite sample from six or more
places in the entire bin. The sam-
ples, when probed, were placed in
air-tight containers, identified, and
shipped to Minneapolis. Their in-
spection was the routine type and
included test weight, moisture con-
tent, dockage, percent damage, and
grade. In table 1 the first two and
the last two grades of the entire 3-
year period have been recorded.
This indicates the results of the ex-
periment, showing grade preserva-
tion or deterioration.

The taking of samples for grade
testing has its problems. Once a
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1 for the others. The December
shut-off date proved to be the best
for the 50 c.f.n. bins, but showed
no advantage with the other bins.
On the second year most of the
manually controlled fans were
turned off March 1 but some of
cach manually controlled groups
were left with the fans or cupolas
operating through the spring and
summer. Those bins on thermostat
control or humidistat control were
left running, subject to their auto-
matic controls. During the final
year the manually controlled fans
and the cupolas were run from Sep-
tember 1 to March 1. Those on auto-
matic control ran until June 1.

Most fans were shut off during
the spring season, when there is apt
to be considerable rain, to prevent
warm, humid air from depositing
some of its moisture on the cold
grain. The operation of a few fans
during the spring was tried to get
comparisons with the others, and
with the automatic controls.

Snow leakage into the bins gave

some trouble in spite of well as-
sembled bins. This additional mois-
ture may have contributed in a
small way to the increase of mois-
ture in the upper layers. The quan-
tity was never large, it was not
uniform for all bins, and the fre-
quency of its occurrence was con-
trolled by the weather and was not
predictable,

Insect infestation showed up oc-
casionally and when noted, such
was reported to the bin site man-
agement. Effective methods of fum-
igation were used which controlled
the insects adequately.

On a few occasions the wind
would blow oft an inspection door
or a bin grain inlet cover. These
were replaced by the bin site crew
as soon as noticed. It is not be-
lieved to have resulted in any ex-
cessive snow or rain intake on any
of the test bins. It is an ever present
threat to bins in a windy location
and bins need to be inspected fre-
quently.

Results

Outstanding among all of the re-
sults of the tests was the repeated
occurrence of of seasonal moisture
migrati()n. Some controls were bet-
ter than others, but moisture migra-
tion occurs in some measure in both
check bins and those with aeration.
Management of the time of acration
has much to do with the effective-
ness of some of the methods.

Each year the data were assem-
bled into tables and graphs, for a
year's summary. There was close

and consistent agreement among
the results for the 3 years. In con-
trol of moisture migration the rat-
ings for the five methods were as
tollows for each of the 3 years:

First—wind ventilator

Second—50 c.f.n. fans

Third—check bins

Fourth—100 c.f.m. fans

Fifth—200 c.f.m. fans

Since the results are so consist-
tent, the second year’s tests will be
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quoted as being typical for all
years.

The graphs in figures 7 through
27 are those for the second vear in
which a few more bins were used
and a few more variations were
tried. The data for all three years
was not averaged nor summarized.
It was felt that such an average
would reduce the value of the data
as compared to yearly summaries.
For instance, if temperatures for a
“cold” January were av cmgﬁcd along
with those for a “mild” January,
one would average out the peaks.
Data for several “actual” seasons
seemed more helpful than data for
an “average” season. In general, the
tests of each of the 3 years gave the
same order or rating of the five
systems.

Figures 7 through 27 show the
second year’s results in detail. To
add the other two years would have
meant minor differences only and
much duplication. A few more vari-
ations were used during the second
year and gave greater insight into
the problem than on the other two
years.

Figures 7 through 11 are averages
for groups of eight bins or six bins
and show both temperature at
points within the bin and moisture
content from four locations in the
upper layers, with monthly inspec-
tions 9(‘1)tcmhu 1954 to June 1955.
Charts for the temperatures are de-
tailed, showing line ;_Jdphs of a
given temperature point in the bin.
All points within the bin follow a
common pattern and lag behind the
outdoor temperatures.
part of the check bins lag far Dbe-

The interior

hind the outside temperature,
rcaching their high point only in
September or October, and their
coldest temperatures as late as
April or May. Slight aeration such
as 50 c.f.n. fan bins (figure 8) and
the cupola bins (figure 11) are
not far different. Temperature low
points are reached earlier when 100
cfm. fans (figure 9), or 200 c.f.m.
fans (figure 10), are used

Moisture m1grat10n seems to
reach its peak in March, April, or
May. (See upper parts of figures 7
through 10.) Smaller test bin
groups have their data plotted on
figures 12 through 17. Figures 12,
14, and 16 are for groups of three
bins each on thermostatic control
at the aeration levels of 50, 100, and
200 c.f.m., respectively. The alter-
nate figures, 13, 15, and 17, are for
only one bin each and these are for
humidistat control at the same
three aeration levels. Both temper-
ature and moisture curves in these
six figures show the general trend.
It is only as we compare the five
groups on a common chart that the
minute differences become clear.

The temperature summary lines
as shown in figures 18, 20, 22, and
24 arc made up from a monthly
average of interior bin tempera-
tures. Dunng, the first year of oper-
ation the “m” thermocouple string
was found to follow rather closely
the outside temperature. This out-
side set of readings was dropped
out of the bin averages as were the
top temperature readings of each
string. The average for each bin for
a given month was again averaged
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with the others of the like groups,
providing the data for figure 18.

While interior bin temperature
curves all follow the same pattern,
the check bin line shows the great-
est lag behind outdoor temperature,
and does not have the high or low
peaks of the other bins. The mois-
ture readings from the bin group
charts were averaged by the month
so that a line graph could be made
of the trend (hlllllé’ the  scason
(hgmcs 19. 21, 23, and 25). The
comparison shows thut the cupola
group and the 50 c.f.m. group kept
the moisture in the upper layver low-
er than the check bins. However
the 100 c.f.m. and the 200 c.fan.
bins scemed to aggravate the situ-
ation and there the moisture migra-
tion during late winter and spring
rises considerably above that of the
check bins.

A special chart (figure 20) was
prepared to show how control of the
50 c¢.f.m. fans might vary the temper-
ature condition ()f bins. The continu-
ous running fan was compared w ith
one on humidistat control and three
on thermostat control, while all
three can be compared to the check
bins. The continuous fans gave the
most rapid response to temperature
change while the check bins gave
the slowest response. It should be
noted, however, that although the
check bin line is based on a group
of cight bins and the continuous
running fan group of six, there were
only three thermostatically  con-
trolled, and only one by humidistat.
All controls mentioned above did a
good job of controlling moisture ni-
gration at the 50 c.f.m. level, and all

were better than the check bin as
shown in figure 21. This same
plan of comparison was followed
through in the case of the 100 ¢.f.an.
fans and the 200 c.f.m. fans

In figure 22 the temperature lines
are shown for 100 c.f.m. fans under
the three controls, compared to the
check. It is similar to figure 20 but
lines show greater divérgencc. In
figure 23 the accompanying mois-
ture lines are shown. Here the con-
tinuous running fan is definitely
detrimental  from  February until
May, with the six bins concerned
reaching nearly a 15% moisture level
in April.

In figure 24 the same comparison
of temperature is shown with 200
c.tan. fans. Continuous fans gave
a rapid response and had a high
Ql)l’il]f_’ temporaturc It was cex-
ceeded in high fall and spring tem-
peratures by the humidistat control.
When the moisture is considered,
(figure 25) it is noted that the hu-
midistat h(]d below the check bin
and the continuous running fan al-
lowed the moisture content to go
up to a high peak in March and
April. By June however, its line is
the lowest.

Further comparisons of spring
operation are shown in figure 26.
[Tere groups of bing with the same
ventilation  mechanism and  level
were divided into two groups on
March 1. Part of the bins had their
motors tirned oft or their cupolas
disconnected. The  remainder of
cach class showed continuous oper-
ation until June 1. Solid lines show
no ventilation, and the dotted line
shows ventilation going on. In all
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cases temperatures rise faster with
the fans or cupola operative. When
the moisture in the upper layer is
considered (figure 27), cupolas
gave fair control either way, with
slight favor of no spring operation.
Little preference can be noticed on
the 50 c.f.m. curves. With the 100
c.f.m. fans and the 200 c.f.m. fans it
would seem that operation from
March until June on that year was
beneficial. It did lower the mois-
ture in the top layer considerably.
It must be said, however, that pre-
vious winter operation had brought
this grain up from 12% to 14% and
15%. There is also the chance that
the accumulated moisture moved
lower in the bin and was deposited
on grain in the cold interior areas.

Grade Changes in 3 Years

The real value of the bin aeration

South Dakota Experiment Station Tecbnical Bulletin 19

at various levels must be judged
finally on the grade record of the
grain itself. As previously men-
tioned, three samples from each bin
were sent in for grading September
1 and June 1 of each year. The first
two and the last two tests of each
bin were assembled in table 1. In
the October 1953 inspections, only
one sample per bin was sent in and
that was the composite of the entire
bin. Grain in the top layers at this
time had the same moisture content
as the composite and thus the
one big sample could well be
used for the top-layer grades for
that beginning date. Six of the 200
cf.m. fans and their bins were
dropped from the third year tests,
and thus there are those blanks ap-
pearing in the June 1956 test
column. These bins were included
in the last grade report, however.

Table 2. Change in Grade for Wheat over the 3-Year Storage Period

3-Year Grade Change

Bin Group Location No Change Increase Decrease General Trend
x-0-6” top oo 6 1 1 Essentially
Check y-6-12" top ... 7 1 the
Composite ... 4 2 2 same
x-0-6" top . 6 2 Essentially
50cfm.  y-6-12" top .. 6 1 1 the
Composite ... ... 4 3 1 same
x-0-6" top oo 7 1 Slightly
100 c.fm.  y-6-12” top oo 2 2 4 Lowering
Composite ... ... 5 2 1
x-0-6" top o 6 1 1
200 cfm* y-6-12" top ... 4 1 3 Lowering
Composite ... .. 3 1 4
Cupola x-0-6" top 6 2 Essentially
y-6-12" top ceeooeeee. 6 2 the
Composite __...._.... 7 1 same

*2-year period only.
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Table 1 gives the data for the
bins in numerical order, and singlv;
not by treatment groups. When the
bins are grouped and their change
in grade summarized a clearer pic-
ture is prcsonted. Here the group
grade changes were summarized as
follows: the bins with no change
in grade were counted and listed,
those with an increase or better
grade listed, and those with a de-
crease in grade listed. From this
tabulation the conclusion for that
group was drawn. Table 2 shows

the listings and the conclusions.
Only in the case of the 200 c.f.m.
fan group is there a noticeable low-
ering of grade. The 100 c.f.m. fan
group showed slight lowering. The
other three groups showed no signi-
ficant change, even in the case of
the cupola or wind ventilator
group.

This speaks favorably for the na-
tural effects of central South Dako-
ta weather on dry grain in long time
storage.

Basic Considerations

Moisture content of grain, if in
contact with air, will come to a giv-
en moisture content in keeping with
the natural property of the grain
and the amount of moisture in the
air. This is assuming constant tem-
perature, constant air conditions,
and time for the air and grain to
equalize or come to a moisture bal-
ance p()int. In nature the tempera-
ture and moisture content of the air
are constantly changing. For the
sake of the explanation, however,
examples of specific temperatures
and moisture contents will be used.

Central South Dakota Weather

The U. S. Weather Bureau has
collected weather data for many
vears from stations at Aberdeen,
Pierre, and Huron, South Dakota.
These are near the Onida bin site.
“xamination of summaries of tem-
perature and humidity records in
these areas enables one to predict
“typical” situations. It is understood
that conditions change and that

some days out of each month are
not typical.

Table 3 has been prepared to
compare vapor pressure in the air
with a grain moisture content in
equilibrium with that air condition.
The left hand part gives the vapor
pressure in pounds per square inch
that is associated with a given tem-
perature and relative humidity. An
example will be given, after the dis-
cussion of the hvgroscopic proper-
tics of wheat.

Hygroscopic Properties of Wheat

Wheat, like all other grains, has
the ability to hold some moisture at
normal air conditions. The moisture
may be absorbed, adsorbed, or held
in chemical union. Whatever its
form, it presents a potentia] vapor
pressure to the surrounding air.
The grain will lose moisture if con-
ditions are such that the moisture is
carried away. Movement of the
moisture from the interior of the
kernal to the surface is controlled
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by temperature and a time rate
problem.

High temperatures in grains pro-
duce slightly higher vapor pres-
sures, or slightly lower equilibrium
moisture balance points. The right
hand side of table 3 shows data col-
lected from several sources on the
moisture equilibrium of wheat.
Most of these tests are collected and
published in the book, “Drying
Farm Crops,” by Dr. Carl Hall (2).
Two tests were made by Whitehead
and Gastler (10) at the South
Dakota Agricultural Experiment
Station.

Quoting extreme figures in con-
nection with temperature effects, it
is noted that at 32° and 34° F. and
60% relative humitity (R.H.), the
moisture content is 13.4 and 15.62%
respectively. At 122° and 60% R.H.
the moisture balance is 10.8%. This
lowering of moisture is in spite of
the tremendous increase in the
vapor pressure of the air as seen on
the left hand column.

Using varying relative humidi-
ties at constant temperatures (50°)
it is noted that at 80% R.H. the mois-
ture balance is 16.0% and at 40% R.H.
the moisture balance is 10.3%.

Examples. When weather is at
20° and 70% R.H. in mild fall or win-
ter weather, thc accompanying
wheat moisture balance is 15.6%.
Several other cases will be listed.

Dry Fall Weather — 20°F — 40%
R.H.—11.3%

Warm Spring Weather—50°F—
70% R.H.—14.5%

Dry Spring Weather—50°F—50%
R.H.—-11.7%

Humid Summer Weather—77°F
—70% R.H.—13.9%

Dry Summer
40% R.H.—9.8%

These examples are enough to
show how the South Dakota weath-
er is very cooperative in grain stor-
age and how aeration of grain in
bins can be carried out without rad-
ical changes in the grain moisture
content.

Weather—77°F—

What happens at the lower win-
ter temperatures has not been well
explored. When grain cools, its abil-
ity to hold moisture increases. The
capacity of the air to hold and trans-
mit moisture drops to a very low
amount. This is good, in a way. Yet
if this very dry air moves through
to a warm part of the bin its tem-
perature increases and it increases
its ability to hold moisture and will
take up moisture from normal or
reasonably dry grain. When this
same air is forced by convection
currents to the upper layer of grain,
and if this layer is cold, this moisture
is driven out of the air and con-
denses on the grain. The right
amount of “reversed” circulation by
forced air can prevent this convec-
tion current of air from promoting
moisture migration.




Table 3. Vapor Pressures and Moisture Balance Figures for Varying Temperatures and Relative Humidities

Accompanying Vapor Pressure for Air

Equilibrium Moisture Content of Grain

Tempera- (psi) at Given Relative Humidity and at Given Temperature and
ture (F.) Given Temperature at Given Relative Humidity -
R.H.—100% 802, 709, 60% 50% 40% 30% 20%  80% 70%, 60%, 50 40%  30% 20%
0° . .018 .0144 .0126 .0108 .009 .0072 0054 0036 .
10° .. 031 024 022 0186  .016 0124 .0093  .0062 .
20° .. 050 .040 .035 .030 025 .020 015 010  17.0¢  15.6% 14.1* 12.8% 113* . .
30° . .081 .065 .0655 .0486 .0405 .0324 .019 013
32° e 16.3*  14.7%  134*% 12.3*% 11.0x __. .
34° L 2213+ 15.62+ .. 12861 .. 9.461
40° . 122 .097 .085 073 061 0487  .0366  .0244 . L
50° . A78 142 125 107 .089 0711 .0534 .0356 16.0% 14.5* 13.1* 11.7* 103* . .
60° 256 205 179 154 128 102 077 0513 e
68° . . 2049t .. 1527+ . 1197+ . 9.05¢%
70° 363 291 254 218 182 146 .109 073 14.0%  12.5%  11.0* 9.7% .. .
77° 462 370 323 277 231 185 139 .093 .. 150t 13.0f 11.0% 9.0t . .
727/ 159§ 139y 125§ 111§ 9.8§ 85§ 7.2§
80° ~.507 405 354 320 254 203 152 03
90° 698 558 487 418 348 280 209 A9 o L -
100° . 950 .760  .665 570 A75 380 285 B
122° . 15.1] 126 108] 100] 81] 67 58|

*Thompson, H. J., and Shedd, C. K.
§Coleman, D. A., and Fellows, H. C.

+Whitehead, E. 1., and Gastler, G. F.

[IBecker, H. A., and Sallans, H. R.

tHylmka and Robinson.
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AVERAGE CONDITIONS FOR EIGHT CHECK BINS
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FIGURE 8
AVERAGE CONDITIONS FOR SIX BINS WITH 50 CFM. FANS
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FIGURE 9

AVERAGE CONDITIONS FOR SIX BINS WITH 100 CFM. FANS
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FIGURE 10
AVERAGE CONDITIONS FOR SIX BINS WITH 200 CFM. FANS

MOISTURE CONTENT (%)
16 Outside Center

15 /\\‘\)\, _ 0=6 inch

- 4
i /'/// \\\\ /‘/‘/ depth

12 /-— o \ J’ ___6=12 inch
~t N depth

11

0
SONDUJFMAMUJIJ SONDJF MANMNJJ
TEMPERATURE VARIATION (°F)
100 Surface

—

28 - /" \ \ /
ko N \\"\\,-—~//// \\—‘\\/""/

20

100 3 fhe

80
60 >S— N . ~—

Lo ™~ ~ \\ / \\ _ -
20 \/ - ~N—~ \/

100
80

’ | |
ugh\‘\\ e N - RN o
~7

100 9 ft.

80
60 [~ N RN

ho RN y N~ \\_ e -

20 \\ ~

100
80
60 [~ L~ RN
Lo N — S~ - BN o~
20 —

100
80
60 |— -~ —~.
bo | TN - . > -

20

o]
S ONDJFMAMJIJ SONDJF MAMJIJ SONDUJFMAX JJ
North Center South




20 South Dakota Experiment Station Tecbnical Bulletin 19
FIGURE 11
AVERAGE CONDITIONS FOR EIGHT CUPOLA BINS
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FIGURE 12

AVERAGE CONDITIONS FOR THREE BINS WITH 50 CFM. FANS CONTROLLED BY THERMOSTAT
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FIGURE 13

CONDITIONS FOR ONE BIN WITH A 50 CFM. FAN CONTROLLED BY HUMIDISTAT
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FIGURE 14

AVERAGE CONDITIONS FOR THREE BINS WITH 100 CFM. FANS CONTROLLED BY THERMOSTAT
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FIGURE 15
CONDITIONS FOR ONE BIN WITH A 100 CFM_FAN CONTROLLED BY HUMIDISTAT
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FIGURE 16

25

AVERAGE CONDITIONS FOR THREE BINS WITH 200 CFM. FANS CONTROLLED BY THERMOSTAT
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FIGURE 17
CONDITIONS FOR ONE BIN WITH A 200 CFM FAN CONTROLLED BY HUMIDISTAT
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FICURE 18
TEMPERATURE SUMMARY FOR EACH TYPE OF BIN VENTILATION
S 0 N D J F M A M J
MONTH
——=—— Avg. for 8 ohack bins
—a—— Avg. for 8 cupola bins (5 disconnected Mar, h)
>4 Avg. for 6 bins with 50 cfm. fans (5 turned off Mar. L)
~—0—— Avg. for 6 bins with 100 cfm. fans (I turned off Mar, L)
——«—— Avg. for 6 bins with 200 cfm, fans (L turned off Mar. L)
*Dosc not inolude surface temperatures
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FIGURE 19

MOISTURE CONTENT SUMMARY FOR EACH TYPE OF BIN VENTILATION

loS (4] N D J F M A M J
MONTH
——A—— Avg. for 8 check bins
p—— Avg. for 8 cupola bins (5 disconnsoted Mar. l;)
3¢—— Avg. for 6 bins with 50 cfm. fans (5 turned off Mar. l)
—0 Avg. for 6 bins with 100 ofm. fans (L turned off Mar. l;)

Avg, for 6 bins with 200 cfm, fans (L turned off Mar, L)

*
Average for four positions in top foot of grain




Aeration of Wheat in Prolonged Storage for Quality Control

FIGURE 20
TEMPERATURE SUMMARY FOR BINS WITH 50 CFM FANS UNDER

DIFFERENT TYPES OF CONTROL OF OPERATION

*

AVERAGE TSMPERATURE (°F)

S 0 N D J F | A ¥
MONTH

—~A— Avg. for eight cheok bins (no ventilation)

>-4—— Fans operating continuously without oontrols
Includes avg. for six bins until Mar. l; and one bin after Mar, L
————— Fans controlled by thermostat
Includes avg., for three bins until Mar. L and two bing after Mar, 4
——!—~—  Fan sontrolled by humidstat
Includeos avg. for one bin only

.
Does not include surface temperatures
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AVERAGE MOISTURE CONTBRT (%)

FIGURE 21
MOISTURE CONTENT SUMMARY FOR BINS WITH 50 CFM FANS

UNDER DIFFERENT TYPES OF CONTROL OF

OPERATION
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----- Fane controlled by thermostat
\ Includes avg, for three bins until Mar. L, and two bins after Mar. L
————— Fan controlled by humidistat
! Includes avg. for one bin only

*
Average for four positions in top foot of grain
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FIGURE 22
TEMPERATURE SUMMARY FOR BINS WITH 100 CFN FANS UNDER

DIFFERENT TYPES OF CONTROL OF OPERATION
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Includes avg. for one bin only
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Does not include surface temperature
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FIGURE 23
MOISTURE CONTENT SUMMARY FOR BINS WIT 100 CFM FANS

UNDER DIFFERENT TYPES OF CONTROL OF

OPERAT ION
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—A—— Avg. for eight eheck bins (no ventilation)

——0— Fans operating ocontinuously without controls

Includes avge for six bins until Mar, L and two bins after Mar, L
——.—— Fans controlled by thermostat
Inoludes avg. for three bins until Mar, L and two bins after Mar, L
————— Fan controlled by humidstat
Includes avg. for one bin only

.Avernge for four positions in top foot of grain
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FIGURE 24
TEMPERATURE SUMMARY FOR BINS WITH 200 CFM FANS UNDER

DIFFERENT TYPES OF CONTROL OF OPERATICN
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— A Avg. for eight check bins (no ventilation)

——.—— Fans operating continuously without controls
Includes avg. for six bins until Mar. 4 and two bins after Mar. L
——+.—— Fans controlled by thermostat
\ Includes avge for three bing until Mar. L and two bins after Mar. 4
————— Fan oontrolled by humidistat
Includes avg., for one bin only

‘Doea not include surface temperature
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FIGURE 25
MOISTURE CONTENT SUMMARY FOR BINS WITH 200 CFM FANS

UNDER DIFFERENT TYPES OF CONTROL OF

OPERATION

AVERAGE MCISTURE CONTENT (%)
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Includes avg. for six bins until Mar, ly and two bins after Mar, L
————— Fans controlled by thermostat
' Includes avg. for three bins until Mar. L and two bins after Mar. L
——j—— Fan controlled by humidistat
Includes avg. for one bin only

L]
Average for four positions in top foot of grain
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FIGURE 26

AVERAGE TEMPERATURE VARIATION DUE TO FAN OPERATION

DURING SPRING MONTHS®
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FIGURE 27
AVERAGE MOISTURE VARTATION DUE TQ FAN OPERATION

DURING SPRING MONMHS*
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aAverage for four poeitions in top foot of grain



Conclusions

1. Weather conditions in central

South Dakota are naturally favor-
able for long-time storage of dry
grain, as shown by the check bin
records.

. Because of the favorable natural

drying conditions present at the
test site, the 3-year change in
grade was not drastic in any of
the 46 test bins involved. How-
ever, there were definite varia-
tions in the amount of moisture
migration under different treat-
ments which might have made
considerable difference in results
between treatments, had the
weather been less favorable or
the storage period longer.

3. Moisture migration is a definite
occurrence during winter and
spring in bins with no aeration
equipment.

4. The level of aeration most favor-

able for reducing moisture mi-
gration was 50 c.f.m. for a 3,000
bushel bin or that which is pro-
vided with a suitable wind venti-
lator.

5.The higher levels of aeration

(100 c.f.m. and 200 c.f.m.), with
management as described, in-
creased the moisture migration.

. Aeration of grain from Septem-

ber to January 1 or February 1,
accomplishes the desired cooling,
but fans should then be turned
off during the warming up period
of humid weather in the spring. It
is best to disconnect wind venti-
lators at the same time.

7. Thermostatic control showed

little advantage over continuous
fan operation except that more
rapid cooling could be done.

8. Humidistat control (with fans

turned on at lower humidity
levels) gave more favorable re-
sults than continuous running of
fans.

9. Operation of the fans in early

spring was detrimental as com-
pared to no operation. The oper-
ation of fans in May and June
will help remove moisture from
a top layer of grain that has a high
moisture build up. This may be
moisture dispersal rather than re-
moval, however.
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