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I. Introduction

As the degree of mechanization in harvesting
and processing of agricultural products advances,
the importance of handling equipment increases
-accordingly. Handling equipment in common use
may be classified as follows: belt conveyors,
«chain conveyors, screw conveyors, bucket eleva-
ors, pneumatic conveyors, and throwers.‘Among
these, t_hrower may be one of the conveyors
extensi\}ely used on farm equipments because of
its simple mechanism, relatively low cost, and
low power requirement. The automatic thresher
is an example of farm machinery equipped with
thrower. It is used mostly for vertical movement
-of grains but can be used on any inclines except
Afor the case to horizontal movement.

Thrower consists of feed hopper, impeller, ca-
sing, outlet pipe, and prime mover used for its
operation. The performance of grain thrower
‘may depend upon the factors, *such as the size
and speed of impeller, feed rate and material
to be conveyed, and systematic combinations of
these factors. Impeller speed is generally limited
to reduce grain damage. Conveying rate of thr-
ower should be adequate to handle the feeding
rate of grains from the machine that functions
.as a system in connection with the thrower.

The design and operation of the thrower have
been much depended ﬁpon the experience rather
than science. The size and lifting height of thro-
‘wers must be predicted within an allowable
impeller speed and given feed rate for a rational
design and selection of proper Operatibnal condi-
tions. However, no work on the study of general
functional relationships among these factors as

a “whole has been done so far, although there

are a few papers that deals partially with these
problems,

The dimensional analysis has been used as oue
of the powerful method of developing the gene-
ral prediction equafion. In this study, it will be
demonstrated to develop the functional equation

of thrower performance by use of the dimensio-

- nal analysis.

(The objectives of this study were
as follows)

1) to develop a general prediction equation
among the major factors which affect the
performance of grain thrower,

2) to determine the range of lifting height of
the thrower used on automatic thresher
within low rate of grain damage by applying

the general prediction equation,

I. Review of Literature

The performance of handling equipments is
measurably affected by the efficiency of the
movement of grains from one unit operation to

another. The importance of this movement of

~ grains has been imposed on a function of its

duality than a function of magnitude. Grains
handling as recognized in gemeral implies the
movement of grains in any direction and elevat-

ion. In grain thrower, physical perperties of grain

‘and aerodynamic characteristics of grain are

considered important factors to affect' on the
lifting characteristics. Wratten” concluded that
specific gravity for rough rice of medium and
long grains was found to vary linearly. with
moisture content over the range of 12 to 18 per
cent, wet basis. However, according to the

relation developed by him, it is shown that the

-3573~



25T A6 A 435

ot

effect of moisture on the specific gravity within
the range of moisture generally encountered in
grain handling may be neglected for engineering

purpose.
" Investigating the particle separation within a

pneumatic conveyiﬁg system, Whitney'? indicated "

that if physical properties of grains are such that
the drag force is insufficient to overcome the
gravitational forces, they drop to the hopper
below,

Studying = aerodynamic properties of Alfalfa

Particles, Menzies® indicated that the suspension v

velocities of the stem could be expressed as a
function of the weight of the particles, and be
developed the differential equation of motion of
a particle iu an air-stream with the drag force
in only the vertical direction.

Form this and other references®?®* it can be
understood that larger the projected area is, sm-
aller the suspension velocity is. This means that
the particle which has larger projected area
could be lifted higher than one that has smaller
projected area at the same weight of the particle.

Hawk? reported from the results of his study
on the aerodynamic characteristics of selected
farm grain that the air velocity is equal to the
terminal velocity for the particle, since the forces
acting on the body are in equlibrium when a ker-
nel of grain is placed in a vertical airstream
and the air velocity is adjusted until the kern-
el is suspended with no vertical movement. At
terminal velocity, the drag force is numberic-
ally equal to the. weight of the kernel in pounds.
Terminal velocity increases as the weight of the
particle increases, even if the particle volume
remains constant.

Terminal velocity and the drag -coefficient,
are both functions of particle shape, and the
Reynolds number. Drag coefficient decreases as
the terminal velocity increases. Wheat and soy-
bean kernels, for the most part, assumed a posi-
tion with longest dimension of the kernels
perpendicular to the air-stream, the kernels
rotated about their long axis and would occas-

ionally rotate about the two smaller axes.
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€hanceilor'® indicated that, as the feed rate
is increased, the pressure at' the blower outlet.
decreases and the air velocity in the pipe inc-
reases.

Kiler* and others®® concluded that the friction
force between granular particles and -ductwall
could be neglected because the particles have-
much chances to move within the region wifh
the high air velocity and made only occasional
contact with the wall each other.

Henderson™ explained that the relative size of
particle to the sdlids~carrying-pipe diameter had
very little effect on the flow rate. If the diame-
ter of the granular particles is 0_ 04 times greater

than the diameter of the orifice, 'a flow rate

- reduction may be experienced.

Chancellor!® indicated that the air movement.-
generated by an impeller blower, has been thou-
ght to influence the movement of solid materials,.
but it has been difficult to measure air move--
ment under operating conditions because the-
solid interferes with the measuring instruments,.
Therefore, he derived three equations which
depend upon the relative magnitudes of relative:
velocity between grains and air-stream, terminal
velocity of grain, and grain velocity generated
by impeller blower. He also concluded that when
the particle moves through the pipe, particle
velocity is influenced by two factors: the product.
of the acceleration of gravity and the time dur-
ing which it acts and the force exerted between.
the air column and the particle.

It can be understood that lifting height of a
certain particle is markedly affected by the
terminal velocity of its particle. This reached.
almost the same conclusion as indicated above.

Nakagawa®® developed the equation to calculate
grain speed developed when leave at the impeller
blade, which he referred to as the primary

- speed. Nakagawa compared the theoretical lifting

height Hs=V?/2g with his experimental values,
and stated that there were much differences
between these two values.

The conveyance efficiency?”?¢ in throwers was
expressed by the percentage of energy required
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for grain conveyance to energy input to operate
the impeller shaft. The conveyance efficiency
increased as the carrying amount, and increased
as the impeller speed up to about 800 Rpm above
which the efficiency decreased gradually®.
Nakagawa?”*reported that conveyance efficiency
extremely low compared with that of other
handling equipment, because of little difference
of power input between on-load and no-load. ‘
Irie Michio'® indicated that the rate of _dam-
ages of grain rose with increase of impeller
speed, and decreased withi ncrease of moisture
content of grains. Severe breakage grains occu’
rred when impeller speed is over 1,100 Rpm by
which dried rough rice at the moisture content
of 13,9% were conveyed. In observing the rela-
tion between impeller-casing clearance and grain
damages, the rate of damage was the lowest
at the clearance about 3 mm. The number of
impeller blade also affected the damage, four
being more desirable than six. Irie Michio*
concluded that the lifting height of 2 to 3 meters
could be expected as the extent of the practical

usage of the grain thrower with the proper im-

peller speed of about 700 Rpm. The air velocity
in th> outlet pipe of 12 to 13m/sec was the
iowest value of the total pressure loss in the
pipe.

Pickett!! investigated that beans received lesg
damage at higher cylinder spzeds with the higher
feed rates. He concluded that feed rate did affect
the amount of mechanical damage to beans and

the additional material provided either a cushion

for the beans or more effective conveying through

the combine. The critical impeller speed being
used for lower moisture grains was found to be

a little lower than one being used for higher

moisture grains®®

. Dimensional Analysis
1. The selection of the pertinent
quantities to the grain thrower.

The selection of pertinent quantities is usually
based on information in the literature of the

related fields,and- acknowledge of thc. fuhdame-
ntal equations which govern the phenomena. The:
common errors encountered at this:,stage'ares
the inclusion of non-independent variables, and
the omission of certain important quantities.
With consideration of these points, the quantities:
pertained to the thrower performance are listed’
in the Table 1, However, the quantities which
may be thought to have minor importance on
this problem, such as friction between wall and
material, shape factor of the material, size of
pipe, and moisture content of materials, are
excluded in this study.

Although the fagtors such as air velocity in
the pipe, bulk density of material may be impo-

rtant on the thrower performance!?, those factors.

‘were also excluded because they are not indepe-

ndent quantities which could be expressed as-

the function of other quantities.

Table 1, Pertinent quantities to the
grain thrower.

Number Definition Symbol Unit Dimension.

1 Thrower hiead H cm L
Impeller speed N Rpm T

‘Acceleraton of

the gravity g cm/sec? LT-2
4 Ture density of

material P g/cm® LT-?
5 Diameter- of

the impeller D cm L
6 Feed‘ing rate Q

g/sec MT™!

2. Determination of Pi terms

The functional relationship between the thro-
wer head H which was taken as primary qua-
ntity and the others given in Table ], can be
expressed as

H=f(N,g,0,D,Q) ¢))

It should be formed in to three dimensionless
and independent Pi terms, because,according to
the Buckingham's =-theorem, there are six total
quantities with three basic dimensions involved.
Equation (1) may be written as

Ca(H)C,-(N)YC;-(8)C,-(p)C,- (D)C,-

(Q)C.zl @
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where C,, C,, C,, C,, C, and C, are coefficients
which make Equation (1) dimensional equality:
‘The corresponding dimensional equation is
(DYCT™DC(LT™HC,(ML™C(LYC(MT™)
Co=1 : @
from which three auxiliary equations may be
‘written by matrix form as:

101-3 10 (C 0
{000101 [C.=o}
0-1-2 0 0-1) |G, 0

C.

Cs

(¢,

Since three equations are available for solving
:3ix unknowns, arbitrary values must be assigne&
to three of the unknowns. If C,, C,, and C, are
to be fixed, then the determinant formed by

remaining coefficients C,,C, and C; is

1 -3 1
0 1 0= 2
'—2 0 0

Since this is not zero, the resulting equations

are independent and the selection is valid.

Assigning the appropriate values to C,,C, and C,,

and using the Equation (3), the values of rem-
aining coefficients C,,C, and C; can be determ-
ined. The = terms can be formed by substituting
the values of coefficient so determined to the
Equation (2). The results of the  dimensiona)

.analysis are summarized in Table 2,

Table 2, The determination of z-terms

assigned ’ determined ;

) T—term

ol alalalela
i _D
1 ! 0 o of 0| 1| m=p
' NDt/2

0 1} okz| 0|12| m=—gi
0| o] 12| -1ls2| m=—8

\ ‘ ] g‘/’pD‘/’

A gengeral solution may therefore be written
as

7, =F(x,7,;)

D _ NDv? Q
or - =F(S7 gep) @

1974, 12, 31

Experimental Work

1, Equipment and material .

‘The throwers used in this study were the
similar to that which were attached to the
aufomatic thresher manufactured by Hae-Ryuk
Farm Machinery Manufacturing Company. The
dimensions of the thrower are summarized in
Table 3

Table 3, Dimensions of the thrower
used in the study

Level
Items : ‘ 1 ‘ 2] 3 i 4
wems . =
gxs:;t)ie diameter of the casing 130‘ 9135'439. 4}44.4

Impeller diameter (cm) ]30_ 334. 838, 843.8

R 'When used in
Impeller Rough_Rice

When used in '
speed (rpm) | {[her, Saed I | 750| 650] 550] 450

\ 900| 750| 659 550

Length l 7
Impeller Width ' 5
blade (cm)  |Thickness 1 0.15
Material l Sheet metal
Outlet pipe Head ’ 290
Cem) Size | 10x7
Impeller casing clearance (cm)‘ 0.3
N
"~
Feed hopger Ralo
"\ ,,'" Outlet cise
Opening gete
* lafoing inight

Impeller Cherd)

1/2 HPAC Motor

ue

Thrower framo

Impeller oasing

Impeller-casing olearencs .

Fig 1. Schematic diagram of the thr-
ower used in this study.
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The cover of the casing and the outlet pipe
were made of transparent plastic plate so as to
be observed the motion of grain while testing
and to measure the lifting height of grain in
the pipe by the rule which attached to the pipe.
The thrower was connected to electric motor

" (1/2 HP single phase, 1,725Rpm).

Three different grains were tested, and the
properties of these materials are summarized in
‘Table 4,

Table 4, Materials used in this study

Items , I Rice |&fﬁgﬂ)
Variety - Tong-it | M]izsih - st‘;':;g

Il/f°1f,ff‘§)e content 21.0 | 16.8 | 13.6

True density (g/em®) | 1,00 | 1.06 | 125

Rice and barley were selected to test in this
~study. Tong-il and minehikari were selected from
rice and naked barley from barley. True density
of Tong-il was the smallest but its projected
area was larger than other variety of rice. True
density and projected area of Minehikari were
almost the same as other rice variety of short
grain. Naked barley had the greatest true density
but smaller projected area than other variety of
rice and barley. Hewever, these grains may rep-
resent the various kinds of grains handled in

Korean farm.
2. Experimental Plan and Procedure

Experimental plan to determine the functional
relationship between =, and 7z, or n, and 7, are

summarized in Table 5.

Table 5, Experimental Plan

- [ =] =

Measure =z, for different level A,

of =, while z, unvaried to A, B,

obtain A,
m,=1{(%,, T,) A,

Measure =, for different level B,

of m, while n, unvaried to ‘A, B,

-obtain B,
#,=f(Z,, Ty) | ' B,

1

x,={(7,, %)

Measure =, for different level y A,
of #, while =, held to another : A, E,
constant to obtain \ A,

|

Four levels were given in each r, and =, as the
independent variable in the functional relational
relationship defined in Equation. (4), The levels
of =,-andz,-terms were determined in such a
way that the quantites which involved in each
term had the values within the range of practical
applicétion. -

' Fééaihg"rafes to the thrower were regulated by

the ‘d'egvr‘éé of opening of gate in the feed hopper.
For the same opening of the gate, the flow rate
was differeht_»ac‘:k(‘:owrding to the materials used.
Experimental results of feeding rates, taken the
average of five replications, for different gate-
opening and materials are given in Table 6,

Table ¢, Feeding rate of materials
" regulated for testing thrower
performance (Unit: g/sec)

Sample Rice
Barley
Level Tong-il |Minehikari
1 2.5 195.0 | 867.0
2 220.0 8688 | 777.2
8 498.8 680.0 ] 1,187.0
4 787.0 | 961.7 | 1,282.0

Different levels of impeller speed were attained
by the exchange of pulleys to which thrower
shaft and motor were connected. Impeller speeds
actually used for testing different materials and
levels are summarized in Table 3,

The =,-term as the  dependent variable was
obtained by observing the lifting height of gra-
ins for each combinations of experimental treat-
ments as given in experimental plan. Three repl-
ications were taken for each treatments.

V. Development of the General
Prediction Equation

1. Developmeént of component
equations

Befeore aroceed tutther, let us review again the

-3571~
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a-terms which were formed for the performance
of grain thrower.
D __NDy? Q

T,= Ty

H, g/, gD

Observing each =-term, it can be seen that all

the n-terms involve variable D, but that for a
specific D =, is characterized by the lifting he-

ight H, #, by the impeller speed N and =, by

the feeding rate Q and material factor p. Ther-
efore, all the #n-terms can be easily determined
by the values of quantities for each specific
treatments of variables and the measured ones.
The determined values of #-terms and the asso-
ciated quantities are summarized in Table .7
through to Table 9,

The relativaship between #, and =, for two
different rice  varieties were plotted in Figure
2, being indicated that the natures of the fun-
ctions were definately non-linear. The =, versus
n, curve, -5 shown in Figure 3, also indicates
a non-linea: relationship.

Table 7, The values of #,, z, and =, for

Tong-il rice variety for different
treatments

(a) =, vs. m, by holding =, at a given value

1974, 12, 31

Table 8. The values of 7,7, and =
for Minehikari rice variety

for different treatments

(a) =, vs, =, by holding =, at a given value
]

Kind BIERERE!?

held r, 290] 900 0,120] 2,826
at 7,=0.001550 240 750 0.145] 2.854.
Q=368. 8g/sec

D—34. Bom 210|650 0.168]  2.041
—1.06g/cm? 180 550 0.198 1,728
held s 250 900/ 0.121] 2.688
at 7,=0.001160 210] 750 0.144] 2,197
Q=195.0g/sec s
D—30. 30m 180 50| 0.168] 1,905
p=1.06g/cm? 150 550 0.202 1.618.

(b) m,vs-m, by holding 2 at a given value
T

Kind \HIQ[n,In,
held =, 220] 195.0} . 158;0. 000822
at 7,=2.354 240/ 868.8 0. 1450.001550
D=34.8cm 270} 680.0) 0. 1290002670
N=750Rpm 280) 961.7| 0. 1240. 004060

Table 9, The values of z,,n, and =z, for

"naked barley for different treatments

Kind l H l N I T, ’ s (a) =, vs.-x, by holding =, at a given value
held =, 260 900 0.134] 2.826 Kind H | N ’ , l s
at Ty =0. 000984 215) 7500 0.162)  2.354 held =, at 280] 750! 0.124) 2.854.
giiffgﬁf 180 450 0.193 2.041 - 28—2707.7027/{;“ 280| 6501 0. 151  2.041
+=1.00g/cm?® 145 550 0.240] 1.728 D—34. 8em 190| 550! 0.183] 1,728
held =, 200 900[ 0.1521 = 2.638 p=1.25g/cm? 150 4507 0.232) " 1.416.
at %,=0. 000711 165\ 750 0.184) 2,197  held =, at 210  750] 0.144) 2,197
QDz;lf';:n/sec 145 650/ 0.209] 1.90S #,=0.00186 ]70\ 650 0.178] 1.905.
Q=367.0g/sec

p=1.00g/cm? 120{ 550/ 0.253) 1.613 D—30. 3em 140, 550 0.21¢ 1.613.

(b) 7, vs. #, by holding =, at a given value p=1.25g/cm’ 110, 450 0.275)  1.32h

Kind HlQlﬂ:l\n,

held =, 190} 112, 5/ 0. 1830, 000503
at 7,=2.354 215 220.0 0.162}0. 000984
D=348cm 250| 498.0] 0.13900. 002230
N=750Rpm 270) 737.0 0.129!9. 003290

(b) x, vs- =, by holding =, at a given value

Kind i H ‘ Q | = | =
held =, at 1 210] 367.0| 0.166¢ 0.00131
7,=2.04 235‘ 777.2 0.148 G.00278
D=34. 8cm 2451187.0| 0.142 0.00425
N—650Rpm 2501282. 0/ 0.139] 0.00458:

. 3578
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Those two functional relationships examined
for barley have almost the same natures as ones
which showed in rice virieties, as shown in
Figure 4 to Figure 5,

Therefore, any kind of transformation may be

necessary to relate #, to #, or =, for each of

0,26 "\
NS

\

sa—-aTong-il  %,=0,000711
s——a Minehikari, =0, 001160
o——oTong-il  #=0,C00984
o——o Minchikariz =0, 001550

.\
SR \\ M
& 018 \\\ \\ ~
s \N&\‘:\\ N
FEEANS
N

Fad
©
[=]
/'J

Moy
0. 12 XA N
L7 19 2.1 2.3 2.5 2.7 29
NDX/I
" 6o

Fig 2. Relationship between =, and =,
for rice varieties

0.18:‘\#
A\
0.17 N\, ~-~Tong-il 7,=2,354] .
N = Minehikari =2, 354
0. 16— i
Qf N,
0.15
L .
o \\\\
'
0,13 e
0.12
.00050 00130 00210 00230 00370
o

Fig 3. Relationship between r, andz, for
rice verieties

these different materials in such a way that
these relationships could be appeared as a linear
form. Considering the basic characteristics of
these curves, it was attempted to plot the data
in the log-log grid paper, resulting natures of

functions being indicated a linear trend as shown

o
0.26 A
N
0.2
"Qlll": "\ —— T,=0. 00303
LY \. - —= £,=0, 00205
0.16 \Q\
0.14 \\‘*
=K
\“
0.10
L3 15 17 L9 21 23 25
P NDi2

TGl

Fig 4, Relationship between =z, and =,
for bariey

0:16 \\
I~ m=2,041

. 15
QF 0. X e —
§ \\
“ou ]
0.10 .
0013 . 0020 . €030 .C040 0050

- &
Y
Fig 5. Relationship betwcen =, and =,
for barley

in Figure 6 though Figure 9,

It is now necessary to develop the component
equations, that is, the functional equations bet-
ween 7, and =, or #, and =, for three cases with
different materials. Since these relations have
been proved to be linear in the log-log grid paper,
the general component equation could be written

as
(n,),—=Ar,8 when n,=T7, (€))
(#,);=Cn0 when #n,=7, (5)
(7)y=En,F when r,=7%, (6>
where A,B,..----..., E,F are parameters to be
evaluated.

The regression analysis to determine the com-
ponent equation defined above was performed
by using the least-square method. The resulting

equations are as follows.

~3579~
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F=0.000711 {11}
az N i
M Minehikari ™
¥ %, =0. 001160 \
N
N
N A )
Minenikari A
r, = 0. 001550
0.1 L1 1T
.0 2.0 3.0 4.0
= NDYy
" 60gl4

Fig 6. Relationship between =, and

n, for rice varieties
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Fig 7. Relationship between n, and =,

for rice varieties
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Fig 8. Relationship between =, and =, for
barley
“Tong-il »
(7)3=0, 4522(7,)"1*1*"® when T,=0, 000984
(7,)3=0 445(,)~°**whenT,=2, 354

1974. 12, 31
(7)7=0, 4213(7,) """ when®,=0, 000711

Minehikari :
(7,)7=0, 3293(%,)~°** when. %,=0, 001550
(7,)7=0, 0518(%;)~°***"* when 7,=2, 354
(7,)3=0, 3401(7,)~****" when %,=0, 001150

Naked Barley
(7,)3=0.3597 (7,)~***** when 7,=0, 00278
(m)7=0, 0662 (my)~*12** when 7,=2 041
(m,)7=0,3906 (7,)~1-*57 when %,=0, 00186

0.5 11
L]
N e
I l R
S =235
by
0. Ll LTI Il
0013 0020 0030 (040

' Jr'=9‘/,p0’/,

Fiz 9. Relationship between 7, and =, for
barley

2. Development of general prediction
equations

Since there were three n-terms involoved in
this study, the prediction equation must form the
surface whose three coordinate axes correspond
to each z-term. Graphical representation of the
surface is shqwn in Figure 10 Therefore, the
general prediction equation corresponds to one
for describing the surface.

.£00984

N ..003290
s 1613 . 2354 5.8%

Fig 10. Graphical representation of =,=F

(#,n,) surface for Tong-il rice variety
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The theory for establishing a prediction equa-
tion is explained in detail in the reference (9),
By following the general theory, the prediction
equations for different materials were determined
as

Tong-il rice variety:

%,=0, 1223,,_-,-1.191'3 X 7,0, 1804 %)
Minehikari:

’t‘ = 0. 1‘185”0—0.9308 x 7‘3-0-1515 (8)
Naked Barley: :

7, =0, 1599”2—1.“50)(”8—0-1”: (9)

The prediction equations developed should be
tested for validity, the method and theory of
which could also be referred to the reference
(9, It can be thus written the testing équation

Table 10, Determination of the constanis
F (%,, %), F(%,, %,) and testing equation
for validity

\Constant . Testi .
F esting equation
Mate;ax (my, m){F(ma, 75) for validity
. ! —1.0%08
- Tong-il 1’ 0. 165 g 0.169 l _’;:T‘__“,_‘;:Logg
. . . 0.9663
Minehikari| 0.156 ‘ 0.133 ‘ —:’r__l_m, 1.112
\Iak d i 1.3860
barley [ 0,149 ' 0. 161 ) :’_1 =1 007
for validity as
F(’f_ﬂz F(”h a) (10)
F(7,, 7'-'1) F(n,, ”a)

where F (7, ®,) and F (%,,%,) are constants to
be evaluated.

The values of these constants and the testing
equations for validity which were evaluated for
different materials are summarized in Table 10,

The smaller the differences between the value
for a gievn #, in left hand of the testing equation
for validity and the constantvalue in its right
hand, the more the generality of the prediction
equation developed. As illustrated in Figure 11,

the difference between these values was found
to be nearly negligible for practical range of =,.
From the result, the prediction equation developed
could be used satisfactorily for relating all those

variables partained to thrower performance.

_3$ 1-

T T}
ajm  1.200 (1. 109)—(l. 128)
% (L 09— ——F—-~-~— B 4o
e (1.045) (1,079 T
tg's 1,000 11
1.5 7.0 25 7, 3.0
(a) Tong-il rice variety
e 1,200 1 152 T
§[S (. Hp————— (.122)  (1.150)
zlz Q %37) (1,099 i
0. 800 I
1.5 2.0 25 x 3.0

(b) Minehikari rice variety

1 |

1. 260

%13 (1. 020) (L 010) 1. no) (1.008)
g{gu 007)——“—#— _________ e e b nmem —4
TiTL 0.8

kik

.5 .0 2.5 . 3.0
(c) Naked harley
Fig 11. Graphical representation for
testing equation validity

3. Applicatin of the general
prediction egquation.
Application 1 '
To demonstrate the appllcatlon of the pred-
the lifting height
of thrower that attached to automatic thresh-

ction equation developed,

er will be estimated by use of its design and

appropriate operational condmons

Given quantities: D=30cm, N=1100Rpm,
Q=150gt/sec.

By use of the prediction equation, the lifting
height is expected to be 2,62 m for Tong-il, 2,
48 m for Minehikari, and 2,91 m for naked
qarley.

From the analysis, it can be seen that the
lowest lifting height among the materials, 2. 48m,
may be' unnecessarily high lift as compared to.
the required height of approximately 1,0 mater
for the thrower attached to the automatic thres-
her. A new  design of thrower with a smaller
impeller diameter and a lower speed may be
recommended to reduce the manufacturing cost,
the power requirement and the grain damage.

Applieation 2

The prediction equation developed can be-
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used to understand the relation between the
lifting heihgt and the feed rate for the mod-
erate impeller speed of 700 Rpm and its
“diameter of 30 cm. The relation for three
grains -are plotted in Figure 12,

(cm)
_ 220 / A
//
210 /,r
. //
i
> 200 A7
iy A
-g ¢ /,/
190
g /_// K
= 4y
3 . /
< 180 -
T S —-— Tong-il
/' »———< Minehikari
ey w——Barley
/ N=700rpm, 1)=3ucm
"160 /
1501
100 300 500 700 900

Q (Feed rate)

Fig 192, Effect of feed rate on the
lifting height

It may be seen from Figure 12 that lifting
heights of grains are increased with feed rate
regardless of what kinds of grains are used. It
is also observed that heavy grain moves up
relatively higher at lower feed rate, but when
the feed rate increases the light grains are lifted
higher then. heavy ones.

Naked barley having the greatest true density
among three grains tested can be lifted to the
highest of 160 cm at the same feed rate of 100
g/sec, however, barley could be lifted the lowest
héight with 217 cm, if impeller speed was mai-
ntained at 700 Rpm.

Application 3
To understand the relation between the
lifting height and impeiler diameter for the
moderate feed rat of §00g/sec and the imp-
eiler speed of 700 Rpm, the relations for
three grains are plotted in Figure 13.

As impeller diameter is increased, lifting hei-

ght_s of three grains tested are increased linearly
but the slope of naked barley is a little steeper
than rice varieties. Figure ]3 also indicate
that Minehikari, which has slightly greater
density than Tong-il, can be lifted higher than
Tong-il. The differences of lifting heights among
the materials are getting greater as the impel-
ler diaineter increases, the naked barley having
the highest lift. It seems to be the fact that air
velocity in the pipe remains nearly constant
when the impeller speed and feed rate were

fixed, but that higher primary speed generated '
by impeller blade having greater diameter may
influence dominantly to make the lifting height

greater.
(cm)p
360 . »
/
R ’/
3 T
20 e - e TONG-il J
o . g———nx Minehikari £
% 280f— o--~--=w Barley -3¢
E N=700rpm 2
w 9=600g%/se¢
=
= 240
: z
g
= 200 /
4//
160
25 30 35 40 45(cm)

D (Impeller diameter)

Fig 13. Effect of impeller diameter on
the lifting height '

Application 4

To understand the relationship between the
lifting height and the impeller speed for
the moderate impeller diameter (30cm) and
feed rate (600g/sec), the relationship bet-
ween them for three grains is plotted in
Fig 14, -

The increase of lifting height and the impeller
speed is almost in linear relationship within the
experimental  range. Regardless of materials
used, the lifting beight is increased as the
impeller speed increases. However, the differe-
nces of lifting height among the materials are
varied for different level of the impeller speed,

~3582-
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giving the narrowest range at the impeller

speed of approximately 750 Rpm.

290 l , l - P
250} . 1oneil ,';: k
~ T === Minehikari ‘V
>3 0 - * Barley /
X =600g/sec, ~
ool
4 ‘ %
170 47
vl
=
130

500 600 700 800
N (Impeller Speed)

900 (rpm)

Fig 14, Effect of impeller speed on tye
libtihng height.

Summary and Conclusion

Similitude study on the grain thrower was
~carried out to develop the general prediction
-equation and to demonstrate the application of
‘the equation developed.

The dimensional analysis for the quantities
pertained to thrower performed by use of Buc-
king! am’s a-theorem. Experimental work was

<onducied by constructing the thrower similar

to one that has been used for the automatic
‘thresher. Three grains, Ton-il and Minehikari
‘rice variety and a naked barley, were tested by

varying the feed rate of grain toward the thr-
-ower, the impeller size and its speed.
The results of this study are summarized as

for the selected quantities of the lifting heigt
of the grain thrower (H), impeller speed (N),
impeller diameter (D), feed rate (Q), true
‘demsity (p) and the acceleration of gravity
(g), are as follows:

ND /2 Q

Ty—— {y=

H g y» Ty= g‘/’pD“/’

. - The component equations for each of three

materials were analyzed based on experimental
results. From these component equations, the
general prediction equations were determined
as

Tong-il _
7'1=F(”z,7fu)=0- 1223(m,) 01884 ¢ (1)~ 0-1984
Minehikari

”l,:F("Z'”B):O‘ 1185(”’)—0-"85 X (”’)-0-151’6

Naked barley
7'1=F(7‘zv7‘a)=0- 1599(”2)—1-2350 x (n.s)-n.xaaz

3. From the general prediction equation develo
ped in this study, it may be possible to dete-
rmine the alternative design and operat:ional
conditions of thrower in the automatic thresher
used in Korean farm. For the\ design and
operation conditions of thrower attached to
the automatic thresher (impeller speed=], 100
Rpm, impeller diameter=30cm, and feed rate
150 gr/sec), the -estimated lifting height by
the prediction equation is 2.62 m for Tong-il,
2.48 m for Minehikari, and 2.91 m for naked

barley. This suggeste that a new design hav-
ing a smaller thrower with lower impeller
speed may still work for lifting all the thres-

follows: hed grains to the desired height of about 1.9
1. Pi terms determinéd by dimensional analysis meter.
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