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ABSTRACT : This study aims at investigating the flow rate of urea and ammonium sulfate through different orifices onto disc in the rotary fertilizer
spreaders. For this reason, interchangeable orifices with different shapes (triangular, square, trapezous, square-like, and rectangular) in various sizes
(150, 300, 450, 600, and 750 mm?) at two positions (bottom and wall of hopper) were used in a hopper. Experiments were conducted according to
three agitator rates of 300, 540, and 780 min™. As a result, all the factors investigated had significant effect on the flow rate.
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Diskli Giibre Dagitma Makinalarinda Bazi Yapisal Ozelliklerin ve isletme Parametrelerinin
Giibre Debisine Etkisi

OZET : Bu calismada diskli giibre dagitma makinalarinda, amonyum siilfat ve iire giibrelerinin disk {izerine olan akisg1 incelenmistir. Bu amagla,
degistirilebilir farkl orifis sekilleri (iggen, kare, trapez, uglari kavisli kare ve dikdortgen) degisik alan biiyiikliiklerinde (150, 300, 450, 600, and 750
mm?), depo tabani ve depo yan yiizeyi olmak iizere iki orifis konumunda kullanilmistir. Denemeler 300, 540 ve 780 min™ karistirict hizlarina gére

yiiriitiilmistiir. Sonug olarak, incelenen tiim faktdrlerin debi lizerine etkili olduklar belirlenmistir.

Anahtar kelimeler: Diskli giibre dagiticisi, kimyasal giibre, orifis, debi

INTRODUCTION

From both agro-technical and economic point of
view, the efficiency in spreading fertilizers is of great
importance. Fertilizer broadcasters with spinning disc
are widely used for the application of mineral fertilizers
into soils, because of their high machine capacity,
relatively low costs of purchase, maintenance and simple
construction (Speelman, 1979; Fukuchi et al., 1982). The
total number of spinning disc broadcaster produced in
Turkey are 287 503 (Anonymous, 2000).

It is considered that, the evenness of distribution
depends, first of all, on factors affecting the flow rate of
fertilizers through orifices (Fukuchi et al., 1982; De,
1989).

The purpose of this study is to determine the effects
of the shape, size and position of orifice and the
revolution rate of agitator on the flow rates of fertilizers
through orifices.

The influence of orifice diameter on the flow rate of
granular material through various orifices has been
studied by many researchers (Ketchum, 1911; Deming
and Mehring, 1929; Franklin and Johanson, 1955;
Fowler and Glastonbury, 1959; Brown and Richards,
1960; Beverloo et al., 1961; Fukuchi et al., 1982;
Yoshida, 1987, 1988). De (1989) summarized in his

comprehensive review of available literature on the
subject that, according to the early studies flow rate was
proportional to (orifices diameter)”, the value of n
varying but normally above 2.5.

In recent studies (Fukuchi, 1982; Yoshida, 1987,
1988), the effect of the diameter of orifices with various
shapes on the flow rate was expressed as:

Q=kD"

Where Q is the flow rate, D the hydraulic diameter
and Kk and n are flow characterizing constants.

Beverloo et al. (1961) investigated the effect of the
shape of orifice on the flow rate and reported that, with
the same area the flow rate decreased through circle,
square, rectangular, and triangular orifices, respectively.

Chang et al. (1991) compared the volume flow rates
through vertical and horizontal orifices and reported
that, the values of volume flow rate through vertical
orifices were about 37 to 50% of the values for
horizontal orifices.

Fukuchi et al. (1982) investigated the effect of
agitator revolution rate on the flow rate and they found a
linear relationship between agitator revolution rate and
the flow rate: The higher the agitator revolution rate the
higher the flow rate.
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The shapes, dimensions and hydraulic diameters of

MATERIALS AND METHODS used in experiments are shown in Figure 2.
Interchangeable orifices with five different shapes
(triangular, square, trapezous, square-like, and The hydraulic diameter values were calculated by
rectangular) in various size (150, 300, 450, 600, and 750 using following equation (Wilcke et al., 1992):
mm?®) at the bottom and at the wall of hopper positions 4 A
were used in a standard hopper (Figure 1). D= T
Where
D :Hydraulic diameter of orifice (mm)
A : Orifice size (mm?)
U : Orifice perimeter (mm)

The measurement setup used to measure the flow rate
consists of five units: hopper, power supply, speed
control unit with speed indicator, precision balance, and
data acquisition system (Figure 3).

The diameter of the bottom of hopper was 160 mm
and the conical angle of hopper was 59°. Ammonium
sulfate (21 %N) and urea (46 %N) were tested at three
different agitator revolution rates of 300, 540, and 780
Wall of hopper position min”. Some properties of fertilizers used are shown in
Table 1.

Bottom position

Figure 1. Orifice positions
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Orifice shape
Or‘iﬁce Triangular Square Trapezous Square-like Rectangular
size
(mm?) a D’ b D h D L D s D
(mm) (mm) (mm) (mm) (mm) (mm) | (mm) | (mm) | (mm) | (mm)
150 18.61 10.75 12.25 12.25 6.83 10.33 | 13.22 | 13.11 3.33 6.21
300 26.32 15.20 17.32 17.32 12.69 16.28 | 20.13 | 18.31 6.66 | 11.61
450 32.24 18.61 21.21 21.21 17.90 20.56 | 25.53 | 22.19 | 10.00 | 16.36
600 37.22 21.50 24.49 24.49 22.65 23.96 | 30.12 | 25.58 | 13.33 | 20.57
750 41.61 24.03 27.38 27.38 27.03 26.83 | 34.16 | 28.53 | 16.66 | 24.33

*: Hydraulic diameter of orifice

Figure 2. The shapes, dimensions and hydraulic diameters of orifices used in experiments
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Figure 3. The measurement setup

Table 1. Some properties of fertilizers used

Fertilizer Bulk density Repose angle Moisture content, d.b." Mass median diameter
(kg/m’) (degree) (%) (mm)
Ammonium sulfate 975 34 0.08 1.2
Urea 780 30 0.59 1.7
*: dry based
During the experiments, the material that flowed Q=k D"

through the orifice of hopper was weighed cumulatively
at 1/10 second intervals by the precision balance. The
data were transmitted to a PC in a continuous stream by
the RS 232 C interface circuit. For each replication 35
values were taken, and each test was replicated three
times.

RESULTS AND DISCUSSION

According to the regression analysis of the results,
the relationship between the flow rate and orifice
hydraulic diameter was found to be as

The variance analysis estimates of the mean values of
the flow rates for each orifice size are shown in Table 3.

The values of n varied between 2.41 and 3.23,
depending on the fertilizer type, orifice position and the
revolution rate of agitator (Table 2). These values are in
agreement with those of previous works.

On the other hand, the results have been analyzed by
using the procedure GLM (General Linear Model) with
respect to the fertilizer type, orifice position, orifice
shape, and the revolution rate of agitator.

This analysis showed that, the fertilizer type, orifice
position, and orifice shape had a significant effect
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(P<0.01) on the flow rate for all the orifice sizes. The
effect of revolution rate of agitator on the flow rate is
also significant for the orifice sizes of 450, 600, and 750
mm® at 1% level of probability and for the other orifice
size at 5% level of probability.

On the other hand, Duncan’s Multiple Range Test
analysis is used to determine whether differences are
significant or not (Table 4). This analysis showed that
the flow rate values of urea were about 25 to 50% of
values of ammonium sulfate for all the orifice sizes. This
difference can be caused by the flowability and particle
size distribution of fertilizers.

Table 2. The values of k and nin Q =k D"

Similarly, the bottom orifices had higher values of
flow rate than the values for wall of hopper orifices for
all the orifice sizes, except for the smallest one. Without
regarding the smallest orifice size, the mean values of
flow rate of wall of hopper orifices were about 20 to
40% lower than the values for the bottom ones.

The square-like orifice resulted in the highest mean
value of flow rate, followed by the square, triangular,
trapezous, and rectangular one (Figure 4 and Figure 5).
For the large orifice sizes, the flow rate increased as the
revolution rate of agitator increased.

Revolution rate of agitator Fertilizer Orifice position k n
Ammonium sulfate Wall of hopper 0.0019 2.80
300 min Bottom 0.0084 2.43
Urea Wall of hopper 0.0092 2.86
Bottom 0.0062 2.41
Ammonium sulfate Wall of hopper 0.0162 2.89
540 min™ Bottom 0.0853 243
Urea Wall of hopper 0.0123 2.98
Bottom 0.0174 2.86
Ammonium sulfate Wall of hopper 0.0009 3.12
780 min"" Bottom 0.0077 2.46
Urea Wall of hopper 0.0004 3.23
Bottom 0.0057 2.47
Table 3. The variance analysis estimates of the values of the flow rate (Q)
Orifice size (mm?) 150 300 450 600 750
Variation sources F.D. F F.D. F F.D. F F.D. F F.D. F
Fertilizer (F) 1 337** 1 2334** 1 5626** 1 3758%* 1 3261%*
Orifice position (OP) 1 273%* 1 2273%* 1 5683%* 1 3150%* 1 2467**
Orifice shape (OS) 4 103** 4 754** 4 1177** 4 636** 4 382%*
Revolution rate of agitator (RR) 2 3.14* 2 3.63* 2 140** 2 265%* 2 504%**
FxOP 1 0.31 1 10.2%* 1 26%* 1 T2¥* 1 50**
FxOS 4 5.24** 4 11.6%* 4 10%* 4 5.43%* 4 5.08**
FxRR 2 0.45 2 3.8* 2 3.71* 2 0.27 2 0.64
OPx0S 4 S¥* 4 14.4%* 4 27** 4 13%* 4 21%*
OPXxRR 2 0.25 2 12.1%* 2 152%* 2 106** 2 122%*
OSxRR 8 1.57 8 1.2 8 7.32%* 8 5.95%* 8 6.56**
[Error 127
[Total 156
“Indicates significance at 5% level of probability
** Indicates significance at 1% level of probability
Table 4. The Duncan’s Multiple Range Test estimates of the mean values of the flow rate (Q)
Orifice size (mm?) 150 300 450 600 750
Orifice shape
Triangular 1.71a" 4.86 ¢ 951c 15.27b 22270
Square 1.76 a 5.08b 10.01 b 1535b 22.41b
Trapezous 1.24b 4.07d 8.58d 14.55¢ 21.04c
Square-like 1.68a 5.67a 10.24 a 1742 a 2377 a
Rectangular 047 ¢ 237e 6.45¢ 11.71d 17.97d
Revolution rate of agitator (min™')
300 143 a 436b 8.56 ¢ 13.85¢ 19.67 ¢
540 1.40 a 449 a 8.95b 14.82b 21.25b
780 1.28b 439b 9.37a 1591 a 23.56 a

“: Numbers in each column followed by the same letter are not significantly different
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CONCLUSIONS
1. The influence of the orifice hydraulic diameter on
the flow rate for urea and ammonium sulfate can

be expressed as Q = k D", the values of n varied
between 2.41 and 3.23.

2. The flow rate of ammonium sulfate has higher
values than the values for urea.

3. The flow rate values for the bottom orifices are
higher than values for the wall of hopper ones.

4. The highest value of the flow rate is obtained
with square-like orifice, followed by the square,
triangular, trapezous and rectangular orifices.

5. An increase of the revolution rate of agitator
causes an increase of flow rate for the large
orifice sizes, and a slight decrease in flow rate for
the small ones.

ACKNOWLEDGMENTS

This work was supported by the Research Fund of
Atatirk University which is hereby gratefully
acknowledged.

REFERENCES

Anonymous, 2000. Statistical Yearbook of Turkey. State Institute of
Statistics, Prime Ministry, Republic of Turkey, Ankara.

Beverloo, W.A., Leniger, H.A., van de Velde, J., 1961. The flow of
granular solids through orifices. Chem. Engng., 15: 260-269.

Y. Yildirim, 1.0zsert

Brown, R.L., Richards, J.C., 1960. Profile of flow of granules through
apertures. Transactions of Institution of Chemical Engineers, 38:
243-256.

Chang, C.S., Converse, H.H., Steele, J.L., 1991. Flow rates of grain
through various shapes of vertical and horizontal orifices.
Transactions of the ASAE, 34(4): 1789-1797.

De, D., 1989. Flow behaviour of chemical fertilizers as affected by
their properties. J. agric. Engng Res., 42: 235-249.

Deming, W.E., Mehring, A.L., 1929. The gravitational flow of
fertilizers and other comminuted solids. Ind. and Engng. Chem.,
21(7): 661-665.

Fowler, R.T., Glastonbury, J.R., 1959. The flow of granular solids
through orifices. Chem. Engng. Sci., 10: 150-156.

Franklin, F.C., Johanson, L.N., 1955. Flow of granular materials
through a circular orifice. Chem. Engng. Sci., 4:119-129.

Fukuchi, H., Takashi, T., Kato, H., Hatakeyema, T., 1982. Performance
of centrifugal fertilizer distributors, 1. Stationary tests on the
discharge of fertilizer from hoppers. Bull. Fac. Agric. Hirosaki
Univ., No.38:1-14.

Ketchum, M.S., 1911. Walls, Bins and Grain Elevator. New York:
McGraw Hill.

Speelman, L., 1979. Features of a reciprocating spout broadcaster in
the proces of granular fertilizer application. Mededelingen
Landbouwhogeschool Wageningen.

Wilcke, W. F., Chang, C. S., Hetzel, G. H., 1992. Grain flow through
guarded horizontal orifices. Transactions of the ASAE, 8(1): 65-
75.

Yoshida, K., 1987. Studies on the gravity flow rate of fertilizer in a
hopper (I), on the effects of sloping side and outlet. J. Senshu
Univ., Hokkaido (Nat. Sci.) 20: 219-226.

Yoshida, K., 1988. Studies on the gravity flow rate of fertilizer in a
hopper (II), on the effects of sloping side and outlet. J. Senshu
Univ., Hokkaido (Nat. Sci.) 21:137-143.



	ABSTRACT : This study aims at investigating the flow rate of urea and ammonium sulfate through different orifices onto disc in the rotary fertilizer spreaders. For this reason, interchangeable orifices with different shapes (triangular, square, trapezous, square-like, and rectangular) in various sizes (150, 300, 450, 600, and 750 mm2) at two positions (bottom and wall of hopper) were used in a hopper. Experiments were conducted according to three agitator rates of 300, 540, and 780 min-1. As a result, all the factors investigated had significant effect on the flow rate.
	ÖZET : Bu çalışmada diskli gübre dağıtma makinalarında, amonyum sülfat ve üre gübrelerinin disk üzerine olan akışı incelenmiştir. Bu amaçla, değiştirilebilir farklı orifis şekilleri (üçgen, kare, trapez, uçları kavisli kare ve dikdörtgen) değişik alan büyüklüklerinde (150, 300, 450, 600, and 750 mm2), depo tabanı ve depo yan yüzeyi olmak üzere iki orifis konumunda kullanılmıştır. Denemeler 300, 540 ve 780 min-1 karıştırıcı hızlarına göre yürütülmüştür. Sonuç olarak, incelenen tüm faktörlerin debi üzerine etkili oldukları belirlenmiştir. 
	INTRODUCTION
	CONCLUSIONS

