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Batch-Drying in a Bin
By
William H. Peterson,
Extension Agricultural Engineer ,
South Dakota State Universit y.
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HOW IT WORKS
A typical in-storage drying bin designed for use
with supplemental heat ( or "controlled humidity")
can be used for batch-drying with greatly increased
drying rates, providing the depths are kept shallow
and the corn or grain is moved and mixed after drying and cooling.
A typical drying bin (21-foot diameter, using a
5 hp. 24-inch diameter fan) operated as a batch dryer
with maximum fuel rate, can dry about 1,000 bushels
of 25% moisture corn or sorghum every 24 hours.
In operation, the fan and heater are turned on
(without humidistat control) as soon as the floor of
the drying bin is covered with grain. More grain is
added and leveled throughout the day as it is harvested. Table 1 gives times for drying different batch
sizes.
The fan and heater run all night. In the morning
the heat is shut off and the batch is cooled. The grain
is moved to final storage (and mixed) to make room
for the next batch.

Shallow depth
of corn or grain
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Necessary Precautions
Small grain, corn or sorghum, should be free of
excess fine material. If fine material exceeds 3% to
5% , grain should be screened before drying. Fine
material restricts airflow and slows the drying rate.
Air delivery should be at least 10 c.f.m. ( cubic feet

Table 1. Hours to dry a batch of 25% moisture shelled corn or sorghum to
moisture in fall weather*

13%

Hours to dry a batch size of:
Burner
Capacity

(

Required Fan 400
Capacity t
bu.

600

800

1000

1200

1400

bu.

bu.

bu.

bu.

bu.

1600
bu.

200,000 BTU / hour ___
_ 2,600 34.2 51.6
400,000 BTU / hour ____5,200 17.2 25.8 34.2
600,000 BTU / hour ____7,800 11.4 17.2 22.8 28.6 34.3
800,000 BTU / hour ___
_ 10,400
8.6 12.9 17.2 21.5 25.8 30.0
1.0 million BTU / hr. __ 13,000
7.6 11.5 15.3 19.1 23.0 26.8 30.6
1.2 million BTU / hr . __ 15,600
5.7
8.6 11.4 14.3 17.2 20.0 22.9
1.4 million BTU / hr. _ 18,200
4.8
7.4
9.8 12.3 14.7 17.2 19.7
For 20% moisture multiply hours from table by .50
For 30% moisture multiply hours from table by 1.5
For summer drying multiply hours from table by .83
For winter drying multiply hours from table by 1.4

1800

2000

bu.

bu.

25.8
22.1

28.6
24.6

• Be sur e dr ying air temp eratur e doe s not exceed 110 ° F. for seed , 140 ° for m arket, 200 ° for feed.
tF an capacit y required for not over 70 ° temper atur e r ise-140 ° drying air temperature with 70 ° out side
air.
N ote: Some adju stm ent from the values gi ven in the tables will be needed because of the drying that
takes place during coolin g, effect of outd oor temp erature, humidit y, etc.

per minute) per bushel in the batch. Typical air deliveries for fans are given in Table 3. Static pressures will
range from 1 to 1½ inches in drying shelled corn and
1½ to 2½ inches in drying sorghum and small grains
in depths of up to 4 feet.
Some drying bin heaters designed for supplemental heat (controlled humidity) drying do not
produce enough heat to be of concern, but dryingair temperatures should generally be kept below 110°
for seed, 140° for market corn, and 200° for feed. For
immature corn, temperatures should be lower.
Corn in the bin should be leveled after every load
for more even drying. Grain distributors sold for this
purpose will save considerable work, as well as distributing fine materials more evenly. A sweep-auger
system will make unloading a completely mechanized operation.
Corn or grain should be cooled after drying, because high temperatures can cause spoilage in dry
grain. The fan should run for about an hour, without
heat, to cool the grain to within 10° of outdoor temperature. Some drying will continue during cooling .
Allow for this in timing heated air.
Table 2. Pounds of water per bushel of grain at different
moisture contents.
Moisture, percent

35
30
28
26
25
24
22
20
18
16
14
13

12
10
8

Shelled corn and
grain sorghum*

----------------25.4
-----------------20.2
-----------------18.4
----------------16.6
---------------- 15.7
----------------14.9
-----------------13.3
-----------------11.8
---------------- 10.4
-----------------9.0
-----------------7.7
------------------7.1
-------------- 6.5
5.3
----------------------------------4.1

Wheat and
soybeans,-

27.8
22.1
20.1
18.2
17.2
16.4
14.6
12.9
11.4
9.8
8.4
7.7
7.0
5.8
4.5

Oatst

14.6
11.7
10.6
9.6
9.1
8.6
7.7
6.8
6.0
5.2
4.4
4.1
3.7
3.0
2.3

• A bushel of shelled corn or sorghum is defined as 56 lb. at 15 ½ %
moisture ; dry matter per bushel is 47.32 lb.
-!-Abushel of wheat or soybeans is defined as 60 pounds at 14% moisture; dry matter per bushel is 51.6 lb.
tA bushel of oats is defined as 32 pounds of oats at 14 ½ % moi sture ;
dry matter per bushel is 27.4 lb.

Table 3. Typical air deliveries of fans used on drying bins'.
Horsepower and
diameter (in inches)

1 in.

Air delivery at static pressure of:
2 in.
3 in.
4 in.

3 hp 16 ______________________
6,160
5,500
8,450
5 hp 20 --·------------------9,350
5 hp 24 ______________
_______
11,100
10,000
7½ hp 20 _________________
_ 11,900
10,800
7½ hp 24 __________________
13,600
12,500
10 hp 36 _______
_____________
26,000
22,500

4,850
7,380
8,700
9,700
10,000
18,000

3,925
6,090
6,910
8,500
9,100
10,500

Grain dries unevenly when using heated air.
Grain on the bottom will be considerably drier than
that on top at the end of the drying period. It is necessary to sample at different depths to get an average
moisture content of the batch.
The more heat used, the greater the spread in
moisture between top and bottom. To hold this
spread to a minimum, it is recommended that no (
more heat than necessary be used. The fuel rate
should be adjusted to dry the batch in the time available, and no sooner. This could avoid the necessity of
turning off the heat during the night. (See the section on bin stirrers for another way to reduce the
spread in moisture content.)
Corn or grain should be moved and mixed after
heated-air batch-drying to spread the moisture
throughout.
Determining the Fuel Rate

Adjust the fuel rate to complete drying within the
time available and no sooner. The lowest rate that
will complete drying during time available will:
minimize spread in moisture content from the bottom to the top of the batch, reduce condensation inside the bin in cool weather, and avoid the necessity
of turning off the heat during the night.
Table 1 gives the hours necessary to dry 25%
moisture corn or sorghum to 13% moisture with different batch sizes and heat rates.
(
Heat rates can usually be secured from manufacturer's information for a given orifice and pressure.
Once this is known, it is necessary only to adjust the
pressure to give the desired heat rate. The humidistat
is put out of action by turning it down and/or removing it from the plenum chamber, or by switching
over to "manual" operation at the controls.
If the heat rate for the burner is not known, it can
be calculated by using the air delivery of the fan and
the temperature rise of air going through the burner.
Find the expected air delivery of the fan from Table
3, measure the temperature rise going through the
fan-heater unit, and use this formula:

c.f.m.

X 1.1 X degrees

rise=

BTU/hour

Example: A 5 hp. fan 24 inch diameter delivers approximately 10,500c.f.m. at 1½ inches static pressure ( drying shelled corn.) Temperature rise is
70°. Find the BTU/hour capacity.

10,500 X 1.1 X 70° = 810,000

BTU/hour

With this information, refer to Table 1 which indicates drying time for a 1,000-bushelbatch would
be about 21½ hours.

Finding the Expected Temperature Rise

Use the following formula to compute temperature rise expected:

Burner

(

capacity in BTU/hour
c.f.m. X 1.1
= degrees

Example:

SlO,OOO BTU/hour=
10,500 cfm X 1. 1

temperature

rise

70° temperature

rise

"Shrinkage" in Drying

Since corn and grains are sold by weight, it is usual to figure "shinkage" on a weight basis. If the
initial weight, and beginning and ending moisture
percentages are known, the final weight is figured
by the following formula:

Initial

weight

100-initial
X -----------100-final

% moisture
% moisture

= final

weight

Example: 5,600 pounds would ordinarily be considered as 100 "bushels" (by weight). If the initial
moisture is 25% and desired final moisture is
15½%, final weight would be figured as follows:

100-25
75
5,600 X 100-15 1/2 = 5,600 X 84 1/2
= 4,970 pounds
Final weight is 75/84.5 or 88.8% of initial weight.
To find the increase in value due to drying, multiply
.888 times the selling price of dry corn and com pare
it with the selling price of wet corn with discount.
The shrinkage in drying (loss of weight) is 11.2%
(100% minus 88.8%) in the example above. An additional shrinkage of about ½% occurs in drying
which is not accounted for by the above calculation.
This formula can be applied to grain and forages
alike to determine the amount of water to be added
to bring moisture content up to a certain level for
ensiling.
Table 4 gives shrinkages (loss of weight) in drying based on typical moisture levels.
Lossfrom Over.:Drying

Over-drying corn that is to be marketed results in
the loss of the weight of the water that could have
been sold, unless the buyer gives a premium for overdried corn. These losses are given in Table 5.
Moisture Testing

The three common methods used for moisture
testing are: cooking-in-oil method, the oven method,
and the electric test.

Table 4. Percent shrinkage (loss of weight) in drying corn
and grains.

--========
Initial Moisture
Content, %

17
20
25
30

~ ========

Shrinkage for final moisture content of:
10%
12¾
13¾
14¾
15 ½ ¾

-------- 7.8
------ 11.0
--------16.7
--------22.2

5.7
9.0
14.8
20.5

4.6
8.1
13.6
19.6

=

1.8
5.4
11.2
17.2

3.5
7.0
12.8
18.6

The final weight of the material after drying can be found by multiplying the initial weight by (1.00 minus the percent shrink) . Example:
for 25 % moisture, 1.0 minus .112 equals .888; then final weight will
be .888 times initial weight.

Table 5. Loss in value from overdrying shelled com
and grain sorghum*
Moisture content
When sold, percent

Weight per
bushel, pound

15½ ---------------------56.0
13 --------------------------54.4
12 --------------------------53.8
10 --------------------------52.0
8 -----------------------------51.4

"Shrinkage"
loss, percent

0.0
3.0
4.0
7.2
8.3

*Based on a "market bushel " of 56 pounds at 15 ½ % moisture.

Typical testers using the cooking-in-oil and oven
methods require about a ½ hour to secure an answer.
Electric testers give the answer in minutes. The cooking-in-oil method is the accepted standard for moisture tests.
With the oven method, the sample is weighed,
dried, and weighed again. The oven type tester should
be left on only the recommended time to avoid burning the sample.
Electric testers may give a false "low" reading on
corn that has been recently dried with heated air. This
is because they tend to measure the moisture content
of the outside of the kernel. Readings with electric
testers should be checked with the cooking-in-oil
method (perhaps your grain buyer will do this for
you) both at high and low moisture levels, so you can
adjust for any differences.
Extra Capacity from the Drying System

Partial drying. If other in-storage drying bins are
available, the capacity of the batch dryer can be considerably increased by drying to 18%-20% moisture
with the batch dryer, then moving corn or grain without cooling, to the in-storage drying bin, where drying can be completed with controlled humidity.
This could double the daily capacity of the batchdrying bin, since there is only about half as much
water to be removed in drying from 25% down to
20% as drying from 25% down to 13% moisture.
Also, no time is used in cooling the crop in the batchdrying bin. A typical in-storage drying bin can be
loaded about twice as fast with 20% moisture corn
as with 25% moisture corn. The same is true of 16%

moisture sorghum compared with 20% moisture
sorghum. (See Fact Sheet 531, "In-Storage Drying
with Supplemental Heat," for information on operation of drying bins).
Bin cooling is a process eliminating cooling of the
crop in the batch-dryer. The crop is cooled by aeration
fans in the storage bin. About ½ c.f.m. per bushel
added per day is recommended. This eliminates the
time spent in cooling the batch in the batch-dryer
and allows more drying.
Cold-air aeration for temporary storage is a way of
holding undried corn until it can be batch-dried.
(See Fact Sheet 532, "Cold-Air Aeration for Temporary Storage of high moisture shelled corn," for more
information.)
Bin stirring devices, which consist of a vertical
auger arranged to traverse around the entire area of
the bin, can be helpful in batch-drying in the bin.
Tests at Iowa State University on two identical bins,
one with a stirring device one without, gave the following results:
Conven- Stirring
tional machine
2 ½ to 3 foot depth:
Lbs. water removed per hour _______
277
Lbs. water removed per penny ______ 1.67
Final moisture content variation ___ 4.3%
4 to 6 foot depth:
Lbs. water removed per hour ______
247
Lbs. water removed per penny ______ 1.84
Final moisture content variation ____ 11.8%

Stirring machines do not do any drying. Drying is
done by the heated air forced through the crop.
Probably a larger fan and heat unit should be used
to maintain 10 c.f.m. per bushel in 25% moisture
shelled corn, when batch-drying in deeper depths
with a stirring device.
Dryeration is a process where corn is discharged,
without cooling, into a special dryeration bin ( equipped with aeration fan system) at 16%-18% moisture.
Typically, the batch-dryer operates all day, loading
warm corn into the dryeration bin. Corn in the dryeration bin is given time to equalize moisture between
inside and outside of kernels. At night the aeration
system is turned on, and by morning corn is cool and
has dried an additional 2% to 3%. Corn is then moved
to final storage.
Dryeration reduces stress cracks which appear in
corn after high speed drying. Stress cracks result in
more breakage in handling. Dryeration also increases
batch-dryer capacity by eliminating the time for cooling the crop in the batch-dryer.
Other Drying Methods

Improvement

278
2.02
2.0%

½% more
21% more
46 % as much

302
2.22
6.2%

22 % faster
21% more
52% as much

There are three common methods of drying corn
and grains: batch-drying, in-storage drying, and continuous-flow drying (usually used in commercial installations). This publication is concerned with batchdrying in a bin. Another method may be more suitable to your situation. You can get other publications
on drying at your County Extension Office.

Issued in furtherance of Cooperative Extension work , Acts of May 8 and June 30, 1914, in cooperation with the United States Department of Agriculture.
John T. Stone, Dean of Extension, South Dakota State University, Brookings.
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