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Professional Experience

GMPRC 20+ vears: crop storage & handling
— research) and teaching

- 1981
N B.S. Mechanical Engineering (P.E.)
W 1980s:
| corn, tebacco, peanutsi (Ky. & NC)
8 1990s:
** _wheat, barley, & potatoes (Idaho)
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> Grain Meilsture: affect omn sterage
s Graiphliemperature: & Cooling

s GraimAeration SY/Stems



Grain Storage

The Good News:

Cool, dry, clean grain stores very well:
We expect ne quality. less.

Aeration Is the tool to keep grain cool:

Alway/s belowvw 605 E;
below 50°F when weather allows.



Grain Storage

The Bad News (grain storage threats):
¢ Insects

Hanalingl Dameade

ROGERLS anarBIFEs

OtER (SpoltineEs)  IMoIStUl:




Grain Storage

The Bad News (grain storage threats):
¢ Insects

y EUnRG@I (molds)

, Sprouting

, Loss of Gerrnination
, rlandling Darnage

., Rodents and Birds

, Otner (Spoutlines, Moisture Migre



Stored Grain Factors

¢ lemperature
¢ Grain Moisture Content

¢ Initialt Grain Quality,

— souUndness
— dedgrree of contamination (fungl, INSEEts, ...)
— AMeUNG O ferelgn material

9 NME 7 SEEfaFE —i——
¢ Other (Oxygen Supply, pH; ...



Stored Grain Factors

¢ lemperature
¢ Grain Moisture Content
, Initial Grain Quality

- soundness
— degree of contarnination (fungi, insects, ...)
— armount of foreign rmaterial

, Time in Storage
, Other (Oxygen Supply, pH, ...




Dealing with the Threats

The Top Two Threats

¢ [NSECLS contrel W/ tempEeratiie
¢ Fungi (melds) control W/ moistuire



GRAIN MOISTURE




Dry vs. Wet Grain

¢ For this lecture:

— Emphasis on dry grain (or over-dry.).

o Mojisture problems usually: very: limited.

— Insects usually: the: bigger Issue
(temperature).

¢ LoW melIstlrée content may: slew: oK stop
SOME primany. Infesting INSECES.



Grain Moisture Equilibrium

Corn Moisture Isotherm (68°F)




Grain Moisture & Mold Control

¢ Moisture Content Max.

the key to mold
control

Growth

Cormat 66 FE 6506
MEC: ERH !

Min.

Storage Mold

16:% 79OY% 50% | 70%|  80%
15 % 73 % Relative Hiimidity, %

14 % 660




Safe Storage Moisture Content

Grain Stored

One Year South  Central North
Corn/Milo 13 14 14
Soybeans 12 12 13
Wheat/Barley 11 12 13

Sunflower 9 9 9




Grain Moisture

Average Moisture Content —

MEIStUKRE

MUust deal With

MOISCURE CORCERL




Grain Moisture

Moisture migration
causes additional
moisture variation

Acraterto elliminate
[EMpPEraitie aIfferences
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Grain Moisture

Wateh for
“simple; problems™

SPOULING Cant Chann
Eakiing  Watels



GRAIN TEMPERATURE
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Temperature & Insects

Max.

Tfemperature

e Insect

[NSECE CONLIRoI




Temperature & Insects

= Optimum for population growth

> Helpfiul to slow: population growith

= Generally: stops: population growtn

- [Leads to eventual deathl off storage Insects
S \Winter sterage (Steps meisture migration)
> Oy, way: terachieve guicks Kill:..



Insect Control in Stored Grain

Meet SAM:

/—\erat]om

J\/Jon]'tor]mg




Insect Control in Stored Grain

Sanitation
— eliminate sources of infestation

Aeration
— cool Immediately: tor slow: develepment

Monitoring
— (EMpPErature &t INSECH NUMIDENRS



Controlled Aeration

Using thermostatic controllers to
automate the aeration cycles

Objective: keep grain within 10 — 15°F of
aVverage ampient temperature

Summer: Cool grain immediately: below: 75°F

Eall Cool Below: 60°F as soon as wWeather
PEFMIELS

Fate =alls ol tor 402k fior Winters storade

ihree Cooling Cycles



Controlled Aeration

¢ Simple aeration; controllers are:
— chieap (pay: offt < one year)

tRErMOostat + NoUr MEeter)

anal efficient

2@ sipeUid BDE Onf EVERY: diiali BIf.




Controlled Aeration

Using thermostatic controllers to
automate tl;ug aeration cycles

rEe

L 3

4
3




Grain Storage Cycle

¢ Cool grain immediately. below
¢ Cool toas SoON as fieasible (weather)

¢ Maintain the grain
— MONItOK tEmpEeratures: aerate as needed
— MONItOKr INSEcts: aerate/iumigate as
required

9 Cowl tofor WiIRtEr steradge

9 ViaiRtaimrthergraint— seal ian opening



Grain Storage Cycle

¢ Cool grain immediately below: 75°F
¢ Cool to 60°F as soon as fieasible (weather)

¢ Maintain the grain
— MONItOr tEmperatures: aerate as needed
— MONItoK INSects: aerate/iumigate as
required

¢ Cool ter40°F for winter sterage
9 ViaiRtaimrthergrains— seal ian opening



Year-Round Grain Storage

Receive Grain All Year

¢ Insect infested graimn mixed with clean grain
¢ lnsects move throughs the; system: with grain

¢ Insect nUMBbErs often Nigher than en-farm

¢ Sedredate by infiestation: levelrand treat



Year-Round Grain Storage

Storage Fundamentals

¢ Sanitation; in and around grain Bins

¢ Cooling grain
— JowWertal

OSL

— Pressure HEEep) DIRS

¢ Monitering



Grain Storage Safety
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Grain Storage Safety

Hazards: Grain Dust is the Big One

¢ Grain dust is an airboerne poliutant
— |Long-term) efifiects under investigation

— NUisance IR strretnding residential areas

¢ Grain dust Is al fire andf explesion: hazard
— Poweritlranardeadly: explosions

—Reduires three ngredients



Grain Storage Safety

Stopping Grain Dust Fires/Explosions

¢ Grain dust suspended in air
— [Design and manade to eliminate dust

¢ Spaliks initiate arfiame (at 400°5)
— Design and maintain toraveid sparks/hotspots

¢ Confined area pEFMItsI RGN preESSUFE/EXploSsion
—[DESIgRIte; ellMinate coniNEd areas



Grain Aeration Systems




Grain Aeration Systems

¢ Economics of Insect Treatments

)
(p)
o
(&)
-

— Fumigation; w/ turning

= Fumigation &
= IUFRIng o ot A

= Aeration



Grain Aeration Systems

Recommended Airflow Rates for Dry Grain
(Foster & Tuite, 1982):

Recommended rate*, cfm/bu

Storage Tem
Type

*Higher rates increase control, flexibility, and cost.



Grain Aeration Systems

Approxim

High

0)f
Wit & 150hr 60 hr
Spring 270 hr 135 hr 54 hr




Grain Aeration Systems

Fan horsepower per 1000 bu of wheat:

Airflow rate (cfm/bu
Depth, ft  0.05 0.10 0.25

100 020 hp 079 hp [ 6.1 hp
50 0057  0.19 1.3

20 0.020 0.050 W



Pressure vs. Suction Aeration

Sitletiop(elovyalileu) Pressure (tpfiow)



Grain Aeration Systems

Airflow Options:
¢ Pressure (push) System

¢ Suction (pull)r System
¢ Push-Pulls System

¢ Crossflow: Aeration allS1les
SV/SEEM



Pressure vs. Suction Aeration

Pressure System Advantages

¢ Required if warm grain placed on top of cool grain
¢ Last grain to cool Is at tep: easily monitered

¢ Natural convection aids aeration in deep: bins

¢ [Fan ENergy. Compensates fior too ool oF Mmoist ail

» More unifermr airflew! inl flat sterages (leng ducts)

9 INo selarfieat pulled iR iken: tep: tor oVeER Ry grain

9 WERt Calse rrepii coliapsenir VeRtsHireeze



Suction System Advantages

¢ Excess moisture is easily detected at top

¢+ Allows you te smell the exhaust at ground level
¢ Condensation ~ below the grain; limited in duct
¢ High inlet bringsi inrless dirt and debris

¢ Eliminates potential ter suck: in WIRter snew

¢ Can aerate spots) in flat sterages: tsing plastic

Pressure vs. Suction Aeration



Aeration Duct Selection

¢ Arrangements:

K SVSEM S SVSUEN




Aeration Duct Selection

¢ Best “"duct”
diffangement:

Close tofiull drying
floor effiectivVeness

|C@ssiexpensiverinan
ol pV/lsle) flejo)s

Pad Sy/sten



Aeration Duct Selection

Aeration Ean Selection




Grain Storage Summary.

¢ Moilsture Content to Control Molds
ERH < 65 % for long| term storage
Use the highest moisture in the bin

¢ emperature: to) Contrelf Insects
I = 40°F in winter (@lways < 60°F)
Wateh the nighest temperature i the; bin

9 Scailiel)/ Practices| to Control Hazards



Grain Storage Summary.

Remember SAM:

Sanitation
— eliminate sources of infestation

Aeration
— ool Immediately: tor siew: develepment

Monitoring
— (EMPEratuUre 8t INSECE NUIMIDENS



Grain Storage on the Web
http://www.gmpre.ksu.edu/
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Aeration Duct Selection

¢ Three criteria:

— Duct spacing not “excessive”
¢ less than 72 grain depth tor duct anywhere on floor

— Alr velocity< 2500 fpm for pressure; system
< 1500 fpm for suction

— Perforated surface; areal = i fit? per 25 cfim



Aeration Duct Selection

¢ Miscellaneous:

— Use well-designed fan-to-duct transition
— Perfiorated ducts: minimum: 10%) open
— Roof vents: 1 ft2/hp (pressure)

— In-fleor dUcts  donrt INterere withr tnleading

= Effective area = 7.5%) fiof rotndrducts on floor



Aeration Fan Selection

1. Select lowest airflow (cfm/bu) for cooling rate
2. Airflow: cfm/ftZ = (0.8) x (depth) x (cfm/bu)
3. Pressure drop: AP = (InH50/1t) % (depth) + 0.4

4 etal airflows  cimi = (Cimy/bu) X (totaill bushels)
or:  ciim = (Cimy/ it2) X (floor area)

5. Select fian tor deliver flow: & pressure (ian data)



Grain Aeration Systems

Double the Recommended Airflows for Controlled
Aeration Systems

Recommended rate*, cfm/bu

Storage Temperate Subtropic
Type Climate Climate
Horizontal 0.10 -5 0.20 0.20 — 0.40
Vertical 0.05 - 0.10 0.10 —» 0.20

*Higher rates increase control, flexibility, and cost.



Grain Aeration Systems

¢ Closed-Loop Fumigation (CLF)
— Miore efifective than probing

— Miere efficient than probing
¢ time
¢ ilmigant

— Saffer than preping
¢ FEdUCESs) Exposure te filimigant
¢ iedUces dust
¥ climInates ENCIOSEC SPaCErENIY



