
REFRIGERATION OF DAMP GRAIN

WITH NATURAL AIR

INTRODUCTION

Grain drying on the farm is not
widely practised by farmers in West
ern Canada. Fall weather conditions
are usually such that the crop can be
threshed dry with little loss due to
rain. In some years use of a grain
dryer would permit earlier harvest
with consequent better grade and
yield. In occasional years conditions
are very unfavorable. For example, in
1959 some 40 million bushels of the
prairie grain crop were shipped to
terminal elevators for drying. Farm
ers were otherwise able to handle an
estimated 15 million bushels. A large
portion of the crop was simply not
harvested that fall because facilities
were not available for drying. Most
farmers feel that they cannot justify
the cost of a large heated air machine
for the occasional emergency year. It
has been shown (3) that a reasonable
amount of drying can be accomplish
ed most years with a low cost unheat-
ed air drying system. However, this
type of system will not provide suf
ficient drying capacity for the occa
sional years of very unfavorable con
ditions. A grain aeration and cooling
system which would prevent spoilage
of damp grain would appear to be an
alternative solution which should be
explored.

AERATION AND
REFRIGERATION

Aeration of stored grain began in
the United States in the early 1950's.
Its use has developed in that country
quite extensively, both for farm and
commercial grain storage. Initially
aeration was used to cool the center
of grain bins and thereby prevent
moisture migration from the warm
grain to the cold surface layer. This
is still the largest use, but more re
cently aeration has been used for
holding tough and damp grain during
the winter months. Both in the United
States and in Europe, refrigeration
equipment has been combined with
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aeration equipment to permit grain to
be cooled quickly in the fall so as to
prevent spoilage. By circulating air
with low relative humidity it is pos
sible to achieve some drying even at
low temperatures. Where the older
aeration systems normally circulated
0.1 cfm per bushel the combined re
frigeration-aeration systems use 0.5
to 1.0 cfm per bushel. Drying can be
expected to take a few weeks with
these rates of air flow.

Table 1 shows the effect of temp
erature on the safe moisture content
of stored grain, as determined by var
ious investigators (2,4). Regardless
of moisture content, it is advisable to
maintain the storage temperature be
low 60° in order to discourage insect
activity. It can be seen from this that
storage at low temperature offers
both short term and long term possi
bilities for tough and damp grain. If
equipment is available so that a grain
temperature of 40° or less is assured,
grain at 18% moisture content wet
basis can be stored through the win
ter. In many cases this grian could be
fed to livestock before spring; if it is
not disposed of before warm weather
arrives it will have to be dried.

Temperature and Moisture Changes
During Aeration

When cool air is drawn through a
bin of warm grain, all the grain does
not begin to cool at once, but rather,
a cooling zone is formed which pro
gresses slowly through the grain. In
the ideal case of grain aeration with

one dimensional flow, the cool air is
warmed to the grain temperature for
almost all of the cooling period. If
there is no evaporation of moisture,
then the amount of air required to
produce cooling will depend on the
specific heats of the grain and the
air. For example, the amount of air
required to cool 60 pounds of wheat,
having a specific heat of 0.4, will be
60 x .4 x sp. volume of air, which is

M
approximately 1350 cubic feet. This
calculation assumes that the temper
ature drop of the grain is equal to the
temperature rise of the air. This sim
plified approach ignores the moisture
exchange during aeration. The heat
gained by a pound of air which is
warmed 20° is .24 x 20=4.8 Btu.
However, if we assume that air enters
the grain at 50° and 80% and leaves
the grain at 70° and 80% the heat
gain will be 11.9 btu because some
moisture is evaporated. Even if the
air enters at 50° and 100% relative
humidity it will gain 10.2 btu per
pound of air. Consequently, the
amount of air needed to cool a bushel
is considerably less than 1350 cubic
feet per bushel. It is more likely to
range between 500 and 700 cubic feet
per bushel for the idealized parallel
flow case. In practice, deviation from
the ideal csae occurs because flow
may not be one dimensional and be
cause of loss in efficiency during the
last stage of cooling.

Similar calculations on moisture ex-

TABLE I. MAXIMUM GRAIN TEMPERATURE FOR SAFE STORAGE

Moisture content

per cent W. B.
Maximum grain temperature
for 6 months storage

degree F

Maximum grain temperature
for one month storage

degree F

15

16

18

20

60

55

40

30

60

60

55

50
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changes during cooling will show that
for most situations, the cooling pro
cess will produce a moisture reduc
tion of Vi to % per cent. Experience
has shown this to be true in practice
(1).

The time interval required to cool
a bin of grain depends on the rate of
air flow, the air-flow pattern through
the grain, the relative humidity of the
incoming air and the moisture con
tent of the grain. (This controls the
relative humidity of the air as it
leaves). The temperature of the en
tering air does not greatly affect the
cooling time but it does determine
the final grain temperature. The re
lative humidity of the air entering
and leaving the grain has a consider
able influence on the amount of heat
gained per pound of air, as was
shown above, and consequently pro
duces an effect on coohng time com
parable to a change in rate of air
flow. The arrangement of duct work
for getting air into and out of the
grain affects cooling time insofar as
it affects the uniformity of air flow.
If one part of the bin is receiving
twice as much air as another part, the
first one will obviously cool more
rapidly, and the cooling front will ad
vance more quickly through this area.
When the flow is not strictly two di
mensional, it will therefore be neces
sary to operate the fan for a longer
period of time in order to achieve
cooling in some parts of the bin.

ANALYSIS OF WEATHER DATA

An extensive analysis of weather
data was undertaken to determine
whether damp grain can be kept cool
during the harvest season in Western
Canada. Hourly records of data for
the Prince Albert weather station
were purchased from the Meteorolog
ical Service in the form of punched
cards. The Prince Albert station was
chosen because its northern location
makes harvest conditions less favor
able there than at many places on the
prairies. The hourly cards for the
months of August, September and
October for the ten year interval 1957
to 1966 were processed through the
IBM 360 computer on the University
of Saskatchewan campus. The num
ber of hours during running 7 day
intervals (i.e. days 1 to 7, days 2 to 8
etc.) that the temperature was below
55°, 50° and 45° was determined. The
average temperature and relative
humidity during these hours was also
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Figure 1. Equivalent cooling hours below 55°F.

obtained. In addition, the number of
hours when conditions were favor
able for drying with unheated air and
the number of hours when conditions
were favorable for neither coohng nor
drying were determined. Some of the
results are shown in figure 1. Since
the relative humidity of the entering
air has a considerable effect on the
cooling capacity, a correction factor
was multiplied by the number of
hours to give equivalent coohng. The
standard hour was taken as one hav
ing a wet-bulb depression of 3°. For
other wet-bulb depressions the cor
rection factor varied from 1.15 for a
7° depression to 0.88 for 0° depres
sion.

INLET DUCT

SCREENED DUCT

Figure 2. Grain temperature pattern after
forty hours at Vs c.f.m. per bushel.

The scatter of data in figure 2
shows the variability in harvest
weather that can occur. Linear re
gression of the data gave the line
shown and the 95% confidence band.
This would suggest that in 19 out of
20 years one can expect 50 or more
hours of temperatures below 55° in
the week beginning on September 5.
A similar plot for 45° shows that 50
hours of coohng can be expected in
the week beginning on September 30.
Although it has not as yet been vali
dated, it seems reasonable to expect
that there would be more hours of
cool weather in wet years. This would
provide a built-in safety factor.

AIR FLOW PATTERNS
AND FAN SIZE

Where aeration is used to prevent
moisture migration, fans are often
sized on the basis of 0.1 cfm per
bushel. A considerably larger flow
rate may be required for cooling
damp grain to prevent spoilage. In
a previous section it was shown that
approximately 600 cubic feet of air
are required to cool a bushel of
wheat. If cooling is to be completed
in 50 hours, an air flow rate of 0.2
cfm per bushel would theoretically
be required. However, some loss in
efficiency occurs in the late stages of
cooling. If, in addition, a system of

continued on page 22
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ducts is used which produces a non
uniform flow, an air flow rate of 0.3
to 0.5 cfm per bushel might be re
quired. Correspondingly, if cooling is
to be completed in 20 hours, an air
flow of 0.5 cfm per bushel is theo
retically required but in practice, one
cfm per bushel would be advisable.

Farmers frequently object to in
stalling false floors or duct work on
the floor for aeration or drying pur
poses. In order for grain cooling with
natural air to be a satisfactory solu
tion in years of very unfavorable har
vest weather conditions, it would be
necessary to have a number of bins
equipped for aeration. One simple
type of duct work which would pro
vide a minimum of nuisance would
be a vertical duct in the center of the
bin with a screened portion near floor
level. Air flow patterns for this type
of duct system were investigated both
in the laboratory with a model bin
and in a full scale test. In bins with
relatively porous walls, such as those
made from sawn lumber, it was
found that reasonably uniform air
flow could be obtained if the distance
from the grain surface to the screen
ed portion of the duct was approxi
mately equal to the distance from the
duct to the wall. In relatively air
tight bins, such as those made of ply
wood and steeL an inlet duct is nec
essary to permit entry of air in the
lower part of the bin near the out
side walls. Figure 2 shows the cooling
pattern obtained in one test on a cir
cular plywood bin equipped with a
circumferential inlet duct. Although
air flow was obviously not uniform in
all parts of the bin, reasonably uni
form temperatures were obtained
with an additional 20 hours of fan
operation. Accurate prediction of
static pressures is difficult with un
usual duct arrangements. It should be
noted that most of the pressure drop
occurs near the screened portion of
the exhaust duct so the area of this
section should be large; an area of at
least 1 square foot of screen for every
30 cfm is suggested.

SUMMARY

Cereal grains with moisture con
tents of 18% or more can be stored
through the winter months if kept
cool. In northern parts of the prairies,
natural air can be used for cooling

after the first week in September. An
air flow rate of at least one-third cfm
per bushel is recommended to com
plete coohng within one week. Fur
ther cooling to successively lower
temperatures can be done as the sea
son progresses. It is unlikely that
more than one per cent moisture will
be removed during cooling.

Cooling tough and damp grain with
natural air offers farmers in northern
grain growing areas an effective
economical means of preventing losses
in years of unfavorable harvest
weather.
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