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Aerodynamic Properties of Granular Agrichemicals
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ABSTRACT

Granule application with a boom has merits of accurate application and high field efficiency. In order to develop
a boom granule applicator, aerodynamic properties of agrichemicals should be investigated. This study was
accomplished to investigate aerodynamic properties of granules and factors affecting on them. The tested
agrichemicals were urea, compound fertilizer (17-21-17), sand and zeolite.

Basic physical properties of granules such as true density, sphericity, and arithmetic mean diameter for those
materials were analyzed.

Regression equations for pickup velocity (v,) and saltation velocity (v) were proposed by the data
transformation and the multi-regression analysis as follows:
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where, 0 < s <1, 0 < A, <3, 35 < D/, < 350, 1000 < p,/p, < 2500

The range of pickup velocity of fertilizers and other agrichemicals were shown to be 10~16m/s and 9~13my/s,
respectively. The saltation velocity of fertilizer and other agrichemicals were 3 m/s and 4 m/s, respectively.
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D :o]$@ 9 A& (diameter of duct) (m)

d, : A A F(diameter of particle) (m)

g : %% J}4 X (gravity acceleration) (m/s%)

P 2719 X (mass density of gas) (m’/kg)

op : QA8 T S(mass density of particle) (m'/kg)
ta : 2719 AA A S (coefficient of viscosity)

(kg/(m - 5)

v, : YA Bk (pickup velocity of particle)
(m/s)
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Fig. 1 Typical flow patterns of granule in air
conveying system.
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Fig. 2 Experimental setup for pickup and saltation velocity measurement.
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Fig. 3 Air velocity profiles at a section of duct with and without air chamber.
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Fig. 4 Granule metering device.
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Fig. 5 The flow rate and velocity of the test
fan with opening ratio.
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Fig. 6 Measurement point of air velocity in a
tube section.
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Table 1 True and bulk density of granule

9o Y BHE d54 o) olgF st
ol#] 8] B9 4= RA FH-E Froude number, ¢
Ao Uz 719 Y= v, FIYE, #9 A3H
QA 9] & 74|, YA} Reynold’s numbero] c}.

Cp D

r

b B7198H JEHO| A= J|2E
d

2t
U]

AAY A7 AE ALH 24 YA BFHT
(Dy)& Q47} 1.48mm, B-36] 27} 2.31mm, 27}
0.7mm, Zeolite7} 0.86mmt}. AT,
e ® 13 2o 4739 X5 BEZHE AF
Z 02 normalize 3t Y73 log scalez JJEM A
a9 73 go] 84, B, Zeolited] YFE X H]
23 d3yFe e FAEEE Yeidod, g s
o AAREE Aol & Ho2 ¢ Aol 1
125~ 42 )

AA Y AYEE= 2, Zeolite, B3tuj g, Q4N
HE$OE 0 AEEE 9N T2 AFE /HHn
vt AEUES AUE v&E B 2o, By
&, Zeolite, 929 £02 FA Hon FIHE o]
9 2 @A, Zeolite, BT 2, v £A42 3A
et A9 FEES & 29 eyl
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Granule
. Urea Compound Sand Zeolite
Density
Ture density (A, kg/m’) 1,250 1,670 2,500 1,720
Bulk density (B, kg/m’) 800 900 1,330 980
Void ratio 0.563 0.856 0.880 0.755
Ratio (B/A) 0.640 0.539 0.532 0.570
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Fig. 7 Size distribution of granules.

Table 2 Mean and range of granule shericity

Compound fertilizer
. Urea Zeolite Sand
sphericity Gray Red White

Granule

Mean 0.935 0.773 0.926 0.882 0.678 0.743

Range 0.89~-0.99 0.81~0.91 0.85~0.99 0.73~0.99 0.46~0.78 0.42~0.97
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Fig. 8 Comparison of measured pickup ve-
locities of granule to predicted values
by Francisco (1994).

oA7loAM, 0 < s <1, 35 < D/d, < 350,
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Fig. 9 Comparison of measured pickup ve-
locities to predicted values by devel-
oped Eq. 5.
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Fig. 10 Saltation velocity and pressure drop
of compound fertilizer as a function
of solid loading ratio, in a pipe of
9cm diameter.
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Fig. 11 Comparison of measured values to
predicted values by developed Eq. 6.
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Fig. 12 Pickup and saltation velocity with
change of density and duct diameter.
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