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of Bin Management
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TOPICS TO BE COVERED

+ Role of airflow rate in grain storage
Factors that affect airflow rate

Role of EMC for NAD and use in fan control
strategies

New technologies for in-bin monitoring and

control -§

- Results from summer storage of canola study l'e-n
=

=

Take home message =

All types of grain storage and aeration requires proper .E'

monitoring and management.
Better understanding = better management decisions ERmi




WHAT'S THE ISSUE?

« Hot/wet grain will “spoil”

« Potential for spoilage depends on BOTH temperature and moisture content
« Temperature variations = moisture variations

« [neffective air distribution systems

« MNatural convection driven by outside temp
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» Hot air = greater temperature gradient and greater capacity
to hold moisture

- Heated air dries grain more effectively than ambient air, but
hot air costs $%...can we improve efficiency of using

ambient air? ]
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AERATION VS NATURAL AIR DRYING

- Aeration = cooling/conditioning
+ Airflow rate ~ 0.1-0.2 cfm/bu
« If air is cooler than grain, grain will cool

= At 0.1 cfm/bu, it will take about 200 hrs
(8 days) of fan operation to equalize the

temp in the bin
» Natural air drying (or near ambient drying) = reducing
the moisture in the grain
« Airflow rate ~ 1-2 c¢fm/bu
« |If air has “capacity to dry”, grain will dry
« At 1 cfm/bu, it will take 7-14 days of continual fan

operation to dry wheat from 16.5% to 14.5% (highly
dependent on ambient conditionsl)

« General recommendation = run fans continuously
Image from SK Minisiry of Agriculture



WHEN DOES AIR HAVE “CAPACITYTO
DRY"?

« Ability of air to hold moisture depends on its
temperature

Relative Actual
water in
air

15¢g 15 ¢g

20°C 20 g 65% 13¢ 7¢ :
10°C 8¢g 75% 6g 2¢g =
- Temperature also affects RATE of moisture E
movement <

- When air and grain are cool, moisture will not transfer E@'

easily -



AERATION VS NATURAL AIR DRYING

It's all about the airflow rate...and the units of airflow!

_L/sperm’ | cfm per bushel

1-2 Aeration 0.1-0.2
13-26 NAD 1-2
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AERATION VS NATURAL AIR DRYING
(IT'S ALL ABOUT THE AIRFLOW RATE)

- Airflow rate from a specific fan depends on the
static pressure (resistance to airflow)

- Static pressure depends on

« Grain type (size of voids)

. Smaller seeds = smaller voids = increased resistance to
airflow

* Depth of grain
- Greater deprths = greater resistance to airflow

« Airflow rate

- The faster the fan tries to push air through grain, the greater
the resistance to airflow.

« Type of distribution system (ducting)

- Cross duct, Y-duct, fully vs partially perforated floor, rocket,
etc.
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EFFECT OF GRAIN TYPE ON STATIC
PRESSURE
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EFFECT OF GRAIN DEPTH AND AIRFLOW

RATE ON STATIC PRESSURE
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EFFECT OF AIR DISTRIBUTION SYSTEM ON
STATIC PRESSURE

- PAMI tested several types of distribution systems for
hopper bottoms
* Univision Ultra Dry, Taylor, Naicam, Grain Guard
GG 7000, Keho Cyclone, Bader Hooded, Grehi,
Harvest Hopper, Trail Rite V Aeration, Univision In-
Line, Westeel Boot

« Static pressure to achieve 1 cfm/bu in a 2000
bushel bin ranged from 2.5 to 8.2 inches H,0
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TYPICAL FAN CURVES FOR

Stk Promune finches of water)
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DIFFERENT FAN TYPES (5 HP)
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CF22-3
CF24-5
CF24-7
CF2T-10
CF27-15
CFa0-20
CF30-25

CF33-50
CF33-60
CF36-75
CF36—-100

FAN AIRFLOW SPECS—SAMPLE OF
AVAILABLE INFORMATION

7550
10800

13265
18500

19900
23400

6550
10200

12485
15500
19000
22400

31500
38470
35900
43600

2850

11625
14400
18000
21500

30500
35390
300
47700

Low speed centrifugal Chief fans

sooo
10725
13200
16600
20400

29400
34400
358200
46600

-CFM

4550 3700 - - - = =
7150 6100 - - = . -

9600 G700 TI00 = = = =
11950 10600 8575 - - - :

15775 14778 13775 12100

10400 18300 17100 15900 14600 - -

282000 27000 25700 23000 22300 20800 19200
33230 31900 30640 29180 27580 25730 23400

37500 36600 35500 34600 33300 32100 31300 29000 27100 24700
45700 44600 43200 42200 40700 39100 37300 35400 33100 30200

-

So static pressure is important

....but is it the chicken or the egg??
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OTHER BIN CONSIDERATIONS

« Bin fill - Exhaust vents
« Grain naturally piles into + Help expel moist air from top of
a cone bin, preventing condensation
« Grain spreaders can be under roof or on top of grain
used to minimize this . 2
cone and even distribute fe’mnm":f":"“ LIy ey
fines which will help ;
make the temperature « Powered and passive vents can
variation more even be used in combination
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NAD systems are common but they
are not used efficiently

- Grain at bottom becomes over-dry
« Fan running but not drying (or cooling)
« Manual control involves a lot of guess work




FAN CONTROL STRATEGY

« Optimizing the system will
» Prevent over-drying of grain
« Reduce energy costs
« Reduce guesswork and labour
- Automatically turning fans on/off requires
« Moisture content of grain during drying
» Information on ambient air conditions
« Decision routine and electronic components

Equilibrium Moisture Content
is a function of air temperature, air humidity, and grain type




EQUILIBRIUM MOISTURE CONTENT
(WHEAT)

Relative Humidity (%)
35 40 45 50 55 &0 B85 70 75 80 85
11.5 122 13.0 13.7 145 153 160 169 177 187 198

11.1 1195 126 141 1495 156 164 173 182 193
109 11.7 124 138 146 153 161 170 179 150
10.7 115 12.2 2 13.6 143 151 158 16.7 17.6 18.7

106 113 120 12.7 13.4 142 149 157 165 174 185
104 111 118 125 13.2 1359 146 154 16.2 171 18.2
10.3 110 117 124 131 13.8 145 152 161 170 18.0
10.1 10.8 115 122 129 136 143 150 158 167 1/.7
99 106 113 119 126 133 140 14.7 155 164 174
9.7 104 111 11.7 124 13.0 13.7 144 152 161 171

96 103 110 116 123 129 136 143 151 159 169
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EQUILIBRIUM MOISTURE CONTENT

(WHEAT)
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EQUILIBRIUM MOISTURE CONTENT
(CANOLA)

Temp Relative Humidity (%)

°C | 35 40 45 30 33 60 65 70 75 80 85

-2 | &7 75 82 89 587 W5 113 122 132 143 157
2 64 70 7.7 A4 91 99 10.7 116 125 136 149
5 6.1 68 74 88 95 103 111 120 131 143
8 2.2 63 71 4 85 92 959 107 116 126 138
10 | 57 &3 70 76 83 89 957 105 113 123 135
55 61 67 73 80 86 94 101 110 119 131
54 60 66 72 78 85 92 959 107 117 128

13

15

18 | 5.2 58 64 70 76 82 895 96 104 113 124
Z |50 56 61 H»7¥ J3 75 $E5 953 100 109 120
26
28

48 54 59 65 70 76 82 85 97 105 116
48 53 58 63 65 75 81 88 95 104 114




EQUILIBRIUM MOISTURE CONTENT

Equilibrium Moisture Content

20 25 30 35 40 45 S0 55 bU b5 0 JH B0 BES 90 95100
Relative [lumidity [%)




EMC’S ROLE IN A FAN CONTROL SYSTEM

+ EMC can be used to determine if the air will
achieve drying (if the grain moisture content is

known)
» Measure ambient air temp/RH...if EMC <
grain moisture content, air will dry grain

+ EMC can also be used to estimate the in—grain
moisture content
+« Measure in-grain temp/RH

« Moisture content of air in the grain voids will
be approximately equal to the moisture

content of the grain EEE"
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FAN ON/OFF CYCLE AS DICTATED BY
O
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HOW LONG DOES IT TAKE TO DRY
WHEN FAN CYCLE IS “OPTIMIZED"?

- For wheat during “good” drying weather:

Fan strategy | MC reduction | # of days | # of fan
hours

Continuously 16.5% to 14.0%

During day only 16.6% to 14.2% 16 172
—
« NOT side by side tests 'u=n
» no evidence of crusting or airflow restriction due to 57
turning fans on/off, but fans were never off for more o
than 12 hrs &

- moisture content profile after fan controlled run was very
uniform (14.0% at bottom, 14.6% at top) El.ﬂﬂ'



TECHNOLOGY PROVIDERS FOR FAN
CONTROL SYSTEMS

OPl-integris (Calgary)  AgriDry, LLC (Ohio)  Intelliair Bin Manager

v Control of aeration, ~ Uses EMC to determine (USA)
drying (with heat) and fan cycle ¥ Uses EMC to determine
ventilation v Three modes: NAD, fan cycle
v Designed for large bins NAD + heat, “ Useful for drying and

rewetting of overdried

(100,000 bushels +) maintenance grain
v Not cost effective for v Cost-effective for v Designed for use with
bins smaller than smaller bins corn
30,000 bu v Not widely marketed in + Not widely marketed in

Canada Canada




OTHER MONITORING TECHNOLOGIES

OPI (Calgary)
» Temperature and moisture sensing cables
IntraGrain Technologies (Regina)

+ Real-time temperature monitoring
» Cell phone/email notifications

Mifarm.ag Management Inc. (Calgary)

« Remote, real-time monitoring of grain volume, temperature, RH
and status of aeration fans

151 Research Inc. (Winnipeg)

« 3-D mapping of moisture content in bin using external microwave
Sensors

Weather Innovations Consulting (Winnipeg)

» BINCast gives a 5 day forecast of air's EMC for a specified grain so
producers can decide whether or not to turn on fans




OTHER AERATION SYSTEMS
« GATCO Manufacturing Inc. (Swift Current, SK)

- Grain air tubes (no fan) to enhance natural ventilation

= Grain air tubes and cross flow system (with fans) for
NAD with lower fan power requirements

. JTL Industries (Neilburg, SK)

= Air distribution through legs of hopper and other
unique configurations

« HES Manufacturing (Eston, SK)
= “Air cube” ducting
« Good for retrofitting into hoppers




WHEN IS THE BEST TIME TO RUN
NATURAL AIR DRYING FANS?

« Run fans during the day only?

« Run fans at night only???
« NEVER turn off your fan until totally dry????

L i
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The “best” strategy is dependent on many conditions
(grain type, grain moisture content, grain temp, air
temp, air humidity, etc.)
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WHY IS THIS SO COMPLICATED?

- The mass transfer of water between air and
grain is complex
- Dependent on temperature (energy), moisture
content, exposure time, etc.
+ We can predict how air will affect grain
moisture content (using EMC) ASSUMING the
temperature of the air DOESN'T CHANGE

« BUT.....the temperature (and RH) of air l'o_n
constantly changes throughout the day £
3
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« AND.....the temperature (and thus the water
holding capacity) of air changes AS SOON AS

IT HITS THE GRAIN!

PAMI



Air @ noon

Warm air (60% RH)
|| P
I
s e
Cool air Air @ midnight

(70% RH)
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EFFECT OF GRAIN TEMPERATURE ON AIR’S
CAPACITY TO TAKE UP MOISTURE

Warm air and warm grain = drying

Warm air and cool grain = wetting

Cool air and warm grain = quick (short term) drying

Cool air and cold grain = some wetting
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WHEN IS THE BEST TIME TO RUN

NATURAL AIR DRYING FANS?
Goal | “Best” NAD fan strategy

Safe storage for all grain types  Run fans continuously
in a variety of ambient

conditions
|
Minimal fan hours Run fans when air has greatest capacity to |
dry (when EMC of air is less than MC of i
grain) :
Cool grain Run fans at night only (with NAD fans) or “
continuously (with aeration fans) B
An even moisture content Run fans during day only until average MC is t
profile (no overdrying) within 1-2% of dry, then run fans at night :
until grain is cool (tough grain will dry and

overdry grain will rewet) =



BEST PRACTICES FOR AERATION

MANAGEMENT
- Run fans continuously until cooled to “condition”
grain
« Low airflow rate = little moisture movement (in or
out)

« Goal is to even out the temperature distribution in
the bin

« Monitor temperatures throughout fall and winter,
if hot spots form, turn fans on for a day or two

+ Consider aeration even for “dry” grain

- If it's not possible to dry tough grain before winter,
can “freeze” grain by aerating in cold temps

» Haul/sell grain before temps warm up
« If cold grain must be stored over summer...

1"
/g Applying Techr



HOW SHOULD GRAIN BE MANAGED FOR
SUMMER STORAGE?

- Leave it alone?
- Aerate it to even out temperature profile?
» Turn it to even out temperature profile?
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Fall and Winter Jpring and Jumimer

Image from SK Minisiry of Agriculture



SUMMER STORAGE OF CANOLA—INSTALLING
PROBES TO MONITOR IN-GRAIN TEMPERATURE
AND RELATIVE HUMIDITY




ONE OF THE THREE BINS WAS “TURNED”
BEFORE INSTALLING THE PROBES




INITIAL TEMP/RH READINGS
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TEMP/RH LOGGED IN ALL 3 BINS UNTIL
LATE JULY
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NOTABLE FINDINGS AND PRELIMINARY
RESULTS

- The turned and aerated bins had some “unstable”
conditions in July that could have resulted in spoilage
» Unstable conditions resulted in warm grain being
directly adjacent to cool grain

+ Aerated bin: as warming front moved through

« Turned bin: in center of bin as warm grain from top funneled into
center, leaving a warm core adjacent to cool grain

« Unstable conditions did not result in noticeable
condensation or spoilage

- Baseline bin had largest temperature variation (25°C at
edge and -3°C at core)

- BUT: temperature difference was gradual, resulting in
generally stable conditions

- No apparent spoilage in any of the bins




NOTABLE FINDINGS AND PRELIMINARY
RESULTS

- The moisture content of the aerated canola did not
change as a result of aeration

- Fan operated for a total of 48 hrs (evening hours only)
« Absolute humidity of air in aerated bin quadrupled due

to fan operation, but this did not result in an increase
in moisture content

- No noticeable difference between sunny side and shady
side of bin

- “Leaving it alone” worked fine for this situation

- Overdry canola, frozen over winter, relatively cool
summer (June/July)

- Lots of heat migration, but no moisture migration

nbslﬁwed (but very little moisture in the grain to begin
wit
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FUTURE WORK AT PAMI

« Gather information on EMC and resistance to
airflow of pulses

+ Evaluation of the effect of fan flowrate on grain
cooling and drying

- More “day vs night” trials (different grains,
more ambient conditions, etc.)

« Development of fan control equipment and
instrumentation for smaller bins

+ Determine effect of straight cutting canola on
storage conditions and risk of spoilage




SUMMARY

« Grain storage requires good management

« Aeration = cooling (low airflow), NAD = drying
(high airflow)

» Currently, NAD systems require guess work

« To dry grain, fans should run when air has
greatest capacity to dry (usually during daytime
hours)

« The “best” time to run fans depends on many
factors and the end goal

- Temperature of grain impacts air’'s capacity to
dry (cool grain + cool air = little to no drying)




SUMMARY

- More evaluation of novel strategies required (for a
variety of grain types and ambient conditions)

- For grain that must be stored over summer: keep it
as cool as possible for as long as possible and
MONITOR it

- Current recommendations based on research
conducted in 80's and 90's

» New sensors and technology available!
« Bin sizes have grown!

Take home message
All types of grain storage and aeration requires proper

monitoring and management.
Better understanding = better management decisions




QUESTIONS/COMMENTS?

Contact Joy Agnew

jagnew@pami.ca
(306) 682-5033 ext 280




