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1. – Problem Identification and Related Research 
 High-capacity dryers are generally set up on farms and at elevators to rapidly cool 
dried grain before transferring it to the storage structure. However, employing delayed 
cooling methods can reduce fuel costs, increase drying capacity, reduce stress cracks, 
fissuring and brittleness, and provide more operational flexibility. Delayed cooling 
usually involves transferring hot grain (grain kernel temperature of 100-140ºF, or 38-
60ºC) from the high-capacity dryer to separate cooling bins. The most widely used 
methods are known as dryeration, in-bin cooling, and combination high-and-low 
temperature drying.  

Over the years many researchers have confirmed the benefits of dryeration and in-
bin cooling. Ezeike & Otten (1981) showed that tempering corn was the most practical 
way of retaining grain quality while meeting high throughput demands. They determined 
that the tempering process worked best in quasi-stationary air. When drying grain, the 
removal of the last 2-3 points of moisture requires the most energy (Noyes and 
McKenzie, 1998). With dryeration, this moisture does not need to be removed by the 
dryer, which increases its capacity significantly. Additionally, capacity can also be 
increased due to (1) the elimination of the cooling zone in the dryer, (2) the elimination 
of the cooling cycle after the corn has gone through the batch dryer, and (3) the increase 
in drying air temperature while keeping the corn below the maximum allowable grain 
kernel temperature.  A recent study by Montross & Maier (2000) confirmed that full-heat 
drying followed by dryeration or combination drying reduced the total drying cost by 
approximately 10% compared to continuously drying and cooling within a crossflow 
dryer. The greatest benefit was an increase of 72% and 159% in drying capacity when 
dryeration and combination drying were used instead of conventional drying and cooling 
within the dryer, respectively.  

Transferring grain hot followed by tempering and slow batch in-bin cooling was 
originally developed in the 1960’s to help commercial grain elevator operators in the 
Midwestern Corn Belt increase drying capacity and reduce corn brittleness (Foster, 
1973). It has since been widely used as an on-farm combination drying technique but not 
by large producers and commercial elevators because of the limited capacity of the batch 
in-bin cooling process. Recent concerns over grain quality, the need to boost drying 
capacity of existing systems, and the availability of premiums for low stress crack corn 
have sparked renewed interest among large producers and elevator managers. To meet 
this need, the development and optimization of a high capacity continuous-flow 
dryeration process is proposed in this project.  

In-bin Cooling 
In-bin cooling reduces fuel consumption by at least 10% and increases throughput 

of a high-capacity dryer by 10-20%. High-temperature drying is stopped and the hot grain 
is transferred when the grain moisture content is about 1 to 2 percentage points above the 
desired final moisture content. The hot grain is cooled slowly over several hours at a full-
bin airflow rate of about 0.5 cfm/bu (0.5 m3/min/t). After cooling is completed, the grain 
can remain in the bin for storage. A critical modification of storage bins involves the need 
for fully perforated floors, adequate fan capacity, and sufficient roof venting to prevent 
condensed moisture from dripping back on the cooled grain. For bins that are filled over 
several days, multiple cooling fans may be used to assure airflow rates at any grain depth 




