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Development of a Variable Rate Granule Applicator for Environment—Friendly

Precision Agriculture (lII)
— Analysis of Pneumatic Conveying System and Improvement of Fertilizer Application Uniformity —

Y. J. Kim  H, J. Kim

T.

S. Jang J. Y. Rhee

Application of precision farming technology to rice cultivation could be an effective measure for rice quality improvement
and environment-friendly agriculture. This study was conducted to develope a variable rate pneumatic granule applicator.

Previous study reported that application uniformity of the prototype machine (C.V.

= 23.3%) was not satisfactory. To

improve the uniformity, increase of blow-head number from 12 to 16 was suggested. Analysis of the pneumatic conveying
system showed that increase of number of blow-head was possible. Three-way variance analysis of the modified applicator

showed that inserting length should be changed according to granule metering rate. The range of metering rate from 27.3
to 417.9 g/s were divided into 4 levels and 4 sets of inserting lengths were determined to ensure CV values less than 15%.
The revised applicator showed satisfactory C.V. values of 9.4 to 14.6% in the metering rate. Granule conveying pattern
was observed using a high speed camera and judged as the homogeneous flow pattern.
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Fig. 1 Volume flow rate and air velocity curves of the selected fan
(3WF-550).
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Fig. 2 Air velocity and pressure measurement points in the boom
pipe cross section.
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Table 1 Combination of inserting lengths (mm) of collecting plate
for uniformity test.

Blow head (No.) | 5 3
Combination
BH-A 20 30 30
BH-B 20 35 35
BH-C 25 35 35
BH-D 30 30 30




Table 2 Specifications of the high speed camera

Item Specifications

32 channels, CMOS sensor
1504x1128 pixels

selectable 25 to 100, 000 fps

5 us

Sensor array

Image resolution

Recording ratgs

Shutter speed
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Where, v, = Pick-up velocity (m/s)
g = Gravity acceleration (m/sz)
D= Diameter of pipe (m)
d,= Diameter of tested granule (m)
p, = Mass density of tested granule (kg/m’)
= Mass density of air (kg/m’)
k= Sphericity
d
In (2% Py, (A,)”-”(D) 089 | _ 0.00021(22) + 9.75
Ha dp a
@
Where, v, = Saltation velocity (m/s)

= Air dynamic viscosity (kg/mrs)
A= Solid loading ratio

Table 3 Calculated pick-up velocity and saltation velocity of test
fertilizers

. . . Pick- Saltati
Fertilizer Size Diameter V;TOC';I;/ viljclif;
it
(True density) (mm) (mys) (ms)
g Sslg;"s;;i}) average 2.62 14.3% 6.1
1
(1 f(l;? e;cm3) average 1.90 124 6.8*%

* Design criterion
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Fig. 6 Air velocity and pressure at 4 different positions of a one
boom section.
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Fig. 7 Air velocity profile at 3-blow heads (length of mixing
chamber from boom pipe:180 cm).
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Table 4 Analysis of Variance for CV (%)

Source DF SS MS F
Blow head 3 88147 | 29382 | 5030.02**
faf: lication 1 142 142 | 2430+
Fertilizer 1 38 38 6.50*
Error 42 24.5 0.6

Total 47 8857.2

** significant at p=0.01
* significant at p=0.05

Table 5 Optimum combination of inserting lengths according to
application rate

Inserting length o
of collecting Application rate (g/s)
plate (mm) CV. (%)
(No. of blow Range Value
head:1-2-3)
20-35-30 RA 15~55 9.5~12.7
25-30-30 RB 55~220 9.4~13.7
25-25-30 RC 220~310 11.5~14.6
40-20-30 RD 310~420 129~13.6
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Fig. 9 CV values achieved by the adjusting collecting plate
according to the range of application rate.
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(a) First blow head

(b) Last blow head

Fig. 11 View of granules floating in the boom pipe by air flow.
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