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INTRODUCTION

Dryeration is a combination of the
drying and aeration processes. The
combination of high speed, high tem
perature drying and slow cooling
after a tempering period was initi
ated at Purdue University by a group
of Agricultural Engineers in 1962.
By 1964 a number of Indiana elevator
and farm drier operators had ac
cepted the principle as being feasible
and had put it into practice. The
trend continued, and in 1965 at
least two elevator operators in On
tario had installed dryeration equip
ment.

Acceptance of the new process was
not without complications. Material
and climatic factors are different in
Ontario and not all the management
considerations had been thoroughly
investigated. However, new operators
picked up the trend and more dryer
ation equipment has been installed in
the interim.

DISCUSSION

General

A schematic drawing of the dryer
ation process is included as figure 1.
The wet corn is delivered to the drier,
where it is dried down to 16 -18%
m.c. and then elevated into the dryer
ation bin as hot corn. After the com
is tempered, air is blown up through
it to cool the corn and remove mois
ture. The dry, cooled com is then
elevated into permanent storage
where the corn can be aerated as
necessary to maintain quality corn.

Dryeration gained acceptance for
two reasons: 1) It reduces kernel
damage in high temperature heated
air driers. 2) It increases the drying
capacity of the drier.

The kernel damage is reduced be
cause stress cracking is reduced by
the tempering process. Stress cracks
are hairline fissures that develop in

the endosperm of the kernel. The
cracks result from stresses created
when moisture is removed at a rapid
rate with high temperature air. This
condition becomes critical when the
corn kernel approaches 14% m.c. and
the kernel temperature rises rapidly
because of the lack of readily avail
able moisture at the kernel surface.
Tempering of the corn allows the
moisture to move outward reducing
the internal stresses prior to cooling.

Stress cracked corn is more suscep
tible to breakage in handling which
increases the amount of fine material,
causing the corn to be down graded.
The existence of stress cracks also
limits the use of the corn for some
commercial purposes.

The drying capacity of the drier
is increased by a combination of fac
tors. They are: 1) elimination of
cooling in the drier; 2) less moisture
removal in the drier; 3) increased
drying efficiency; and 4) use of
higher plenum temperatures in the
drier.

Increased drying efficiencies are
obtained because the less readily

available moisture is not removed in
the drier. More heat per point of
moisture would be required to re
move this moisture because the air
leaves the drier unsaturated.

Higher plenum temperatures can
be used in the drier without over
heating the corn kernel. As long as
moisture is readily available, evapo
rative cooling will control kernel tem
perature. For milling purposes the
kernel temperature should not exceed
140° F. or gelatinization of the
starches may occur. With dryeration,
plenum temperatures up to 240° F.
are being used in thin column driers
without exceeding the 140° F. kernel
temperatures.

Another benefit from dryeration is
usually realized since some variation
in the moisture content of the com
leaving the drier can be equalized
during the tempering and cooling
phases. Drier capacity increases of at
least 60% are common in Ontario
with well designed dryeration sys
tems.

Dryeration in Ontario has been
most successful in systems that have

Figure 1. The dryeration process.
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been well planned and managed.
Adequate handling equipment is
necessary so corn can be moved from
the tempering bin to storage without
interrupting the drying process. This
is where management becomes im
portant; the corn must be cooled out
in time to allow use of the elevating
equipment available for wet corn and
corn being transferred from the drier
to the tempering bin, otherwise mul
tiple elevating equipment must be
installed. The latter is preferable
when the volume justifies the addi
tional cost.

In designing a system three im
portant points must be considered;
1) the tempering bin or bins must
hold the drier output for one day
with the 60% capacity increase; 2)
the corn must be tempered for 8-10
hours before cooling is started; 3) the
air flow rate during cooling must be
kept near V2 cfm/bu.

If the tempering bin does not hold
the drier output for one day, the drier
must be shut down as most con
tinuous flow driers, which are com
monly used, cannot readily be
changed for conventional drying.
Stage cooling, of daily batches in one
bin, is not advisable in areas where
the relative humidity is high during
the drying season. Rewetting of the
cool corn in the lower layers may
result from stage cooling.

Experience in Ontario and Indiana
indicates that a tempering period of
8-10 hours is advisable for maximum
moisture removal during cooling (5).
With desirable drying conditions two
points of moisture can be removed
when the corn is properly cooled
after the tempering period.

Air Requirements

The air flow rate is critical for
maximum moisture removal and min
imum cooling time. If the air flow
rate is allowed to exceed 1 cfm/bu.,
the corn is cooled but maximum
moisture removal is not obtained. If
the air flow rate is below V2 cfm/bu.,
the moisture removal will not be af
fected appreciably but the time re
quired for cooling may be increased
to the detriment of the planned
schedule.

In selecting a fan for the tempering
bin the resistance of the corn to air
flow is very important. The best in
formation available for resistance cal

10

culations is probably Shedd's data
(4). Work done in 1966 by the
author indicated that the calculated
static pressure values from these data
had to be increased by 30% for good
quality corn, harvested under 30%
m.c. and screened prior to being
dried. A simple U-tube manometer
is a very useful piece of equipment
for measuring the static pressure in
the plenum under the corn column.
This permits "throttling" of the fan,
if it is of the centrifugal type, to give
the required static pressure for a
specific depth of grain corn.

Tempering Bin Considerations
When flat bottom bins, utilizing

dry corn as a cone, are used, some
problems have occurred. Condensa
tion from the bin walls and fines
from the corn accumulate in the bot
tom of the bin. This moisture is
picked up in the plenum by the in
coming air reducing its moisture
holding capacity. The fines increase
the static pressure in the tempering
bin causing a reduction in air flow.

The moisture accumulation prob
lem has been overcome in two ways.
One is by sloping the bin floor, usu
ally concrete, to the corn discharge
port. The second is by setting a per
forated plastic pipe into the floor at
the periphery of the bin and allowing
a single discharge through the bin

wall. A small quantity of air escapes
with the latter method but this is not
a serious problem.

Some investigations have been
made by the author to establish the
merits of insulating the bin walls to
reduce condensation. However, the
cost of applying rigid insulation is
too great at the present time to be
justified by the possible benefits to
the commercial operator. With a high
annual volume, a high percentage of
the corn can be moved to storage
thus minimizing the effect of con
densation. A solution for the lower
volume users is to design for a tem
pering bin with a diameter about
equal to the corn column height.
This reduces the amount of wall area
where condensation can occur.

Temperature and Relative Humidity
Since most dryeration program

ming calls for cooling during the
night hours when the relative hu
midity increases, the interaction of
corn temperature, air temperature
and relative humidity is important.
If the vapor pressure of the moisture
in the air is higher than the vapor
pressure for equilibrium moisture
content in the kernel, then moisture
can be transferred from the air to
the kernel. This offsets one of the
prime dryeration benefits — to re
move kernel moisture.
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Figure 2. Equilibrium moisture content of shelled corn in air.
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According to Foster (1), cooling
air with a relative humidity above
equilibrium results in higher final
grain temperatures and slightly less
moisture removal. Figure 2 shows
the air temperature and relative hu
midity for equilibrium moisture con
tent of shelled corn (2). If the air
temperature is 40°F. the equilibrium
relative humidity is 60% for 14%
moisture corn. However, during the
harvest period in 1967 night-time
relative humidities exceeded 90% 34
nights out of 41 at Blenheim, On
tario.

To allow safe storage when good
aeration equipment is available the
corn should be cooled to an average
temperature of 70°F. before being
transferred. In deep corn beds, 30 to
40 foot corn columns, the tempera
ture of the lower corn layers ap
proaches incoming air temperature
when a 70°F. average is reached.
Some rewetting occurs but this has
not been a serious problem if all the
corn is removed from the tempering
bin.

SUMMARY

Dryeration is working satisfac
torily for users with volumes large
enough to justify independent tem
pering bins and multiple elevating
facilities. Research is continuing at
Purdue University to find a satis
factory means of utilizing storage
bins as tempering bins. Downward
air flow shows promising results (3).

To make dryeration successful, the
dryeration system must be well de
signed and the management of the
system must be well planned.

A source of heat to reduce high
relative humidities during cooling
may be necessary to make dryeration
a dependable means of removing
corn moisture when adverse weather

conditions prevail.

Reducing the fines in corn makes
conventional drying, dryeration and
aeration more successful. All of these

processes require air movement
through the corn mass, and restric
tion caused by fines can create seri
ous problems when the air distribu
tion is not uniform.

THE RAPID MEASUREMENT . . .

continued from page 8

An electronic integrator and a
peak force amplifier are used to re
cord the data on punched tape
eliminating the tedious work of
taking the data from strip-charts.
Testing efficiency is increased and
the chances of human errors re
duced.

An evaluation of the system indi
cates that shell strength can be pre
dicted non-destructively from the
energy used to deform the shell.

REFERENCES

1. Brooks, J. and Hale, H. P.
Strength of the shell of the hen's
egg. Nature, 1955. 175, 848.

2. Hunt, J. R. and Voisey, P. W.
Physical properties of eggshells.
1. Relationship of resistance to
compression and force at failure
of eggshells. Poul. Sci. 1966.
45(6)1398.

3. Hunton, P. The measurement of
eggshell strength a comparison
of different methods. Brit. Poul.
Sci. 1969 (in press).

4. Rauch, Von W. Die elastische
verformung con Huhnereiern als

CANADIAN AGRICULTURAL ENGINEERING, VOL. 11, No. 1, MAY 1969

masstab fur die beurteihmg der
schalenstabilitat. Arch. Geflugelk.
1965. 29, 467.

5. Richards, J. F. and Staley, L. M.
The relationships between crush
ing strength, deformation and
other physical measurements of
the hen's egg. Poul. Sci. 1967.
46(2)430.

6. Schoorl, P. and Boersma, H. Y.
Research on the quality of the
eggshell. 12th World's Poul.
Cong. 1962. 432.

7. Tung, M. A. Studies on physical
properties of eggshells. Unpub.
Msc. Thesis. 1967. Univ. Brit.
Columbia.

8. Tung, M. A., Staley, L. M. and
Richards, J. F. Studies on egg
shell strength, shell stiffness, shell
quantity, egg size and shape.
Brit. Poul. Sci. 1968. 9(3):221.

9. Voisey, P. W. and Hunt, J. R.
Relationship between applied
force, deformation of eggshells
and fracture force. J. Agric.
Engng. Res. 1967. 12(1)1.

10. Voisey, P. W. and Hansen, H. A
shear apparatus for meat tender
ness evaluation. Food Technol.
1967. 21(3A):37A.

11. Voisey, P. W. and Hunt, J. R.
The efect of compression speed
on the behaviour of eggshells.
J. Agric. Engng. Res. (in press).

11


