
Figure S-nIustration of the decreasing inside diameter auger. 
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Figure 6-nIustration of the increasing pitch auger. 

obseIVed. Each auger was equipped with a hand-operated 
crank attached to the outlet end of the auger. 

The box was filled with soybeans to a height of 60 cm 
above the auger. The auger was turned four complete 
revolutions (81t radians) with the hand crank and the 
displacement of the grain from the original level was 
measured. The auger was turned another four complete 
revolutions and the measurements were repeated. The 
auger was turned and the measurements taken until the 
grain surface was disturbed by the auger flighting. This 
resulted in eight levels to be measured for each 
experimental auger and six levels for the regular auger. 

The distance the grain level decreased and the bin was 
measured at 24 locations along the length of the auger. The 
grain level was determined to the nearest 6 mm. The 
measurement instrument was a ruler with a 10 cm2 base 
piece to effectively average the surface level at each 
measurement point. The experiment was repeated six times 
for the decreasing inside diameter auger, five times for the 
increasing pitch auger, and three times for the regular 

_auger. 
The average heights above each of the augers were used 

as data for a regression analysis to determine the best fit 
line. The slope and confidence interval (a. - 0.0l) of each 
line was determined. 

REsULTS AND DISCUSSION 
Figures 7 through 9 illustrate the average height above 

the auger for each of the three auger types. It is evident 
from visual examination of figures 7 through 9 that the 
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Figure 7-Average (of six trials) height of soybeans above the 
decreasing inside diameter auger. 
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Increasing Pitch Auger 
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Figure 8-Average (of five trials) height of soybeans above the 
increasing pitch auger. 

augers with the decreasing inside diameter and the 
increasing pitch produced more level grain surfaces than 
the regular auger. Observation of the soybeans through the 
transparent plastic sides of the box as the experimental 
augers were turned showed relatively uniform vertical 
settling of the entire grain mass. This indicated uniform 
vertical flow into the experimental augers along the length 
of the augers. Table 2 lists average slopes with confidence 
intervals (a. �~ 0.01) of the lines fit through the data points 
shown in figures 7 through 9. The confidence intervals 
generally do not contain 0 which would indicate uniform 
flow. 

Even though the confidence intervals revealed that the 
slopes of each of the lines were significantly different from 
0, it was obvious that the flow of material was 
approximately uniform. There are several reasons for this 
disparity between the observations and the statistics. The 
assumptions in the design procedure about zero material 
particle diameter and perfect flowability of the material 
make the design equations only approximations. At the 
"inlet" end (x - 0) of the decreasing inside diameter auger, 
the height of the flighting was zero. With no flighting 
height at that location, flighting could not push the 
soybeans toward the outlet. One would not expect the 
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Figure 9-Average (of three trials) beigbt of soybeans above the 
regular auger. 
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sufficient for most applications. If so, this straight taper 
would simplify the manufacturing process. Further testing 
of these augers will be necessary to evaluate their 
performance in terms of efficiency (power consumption 
and auger capacity) and damage caused to the granular 
material conveyed. 

SUMMARY AND CONCLUSIONS 
Design equations were developed for two auger 

configurations that for practical purposes generate uniform 
vertical flow of granular material through containers or 
boxes having a rectangular cross-section. The two 
configurations both have uniform outside diameters so the 
geometry of the conventional U-trough housings could be 
used with these augers. 

One auger configuration had a uniform pitch for the 
auger flighting and decreasing inside diameter. The design 
equation for the inside diameter as a function of length 
along the auger was as foIlows: 

ID(x)=. ~ODJ2-4,v·OD·x (21)
II 1t ·w,p 

and is practical only when: 

_O_D_·_1t_,_W_'p_> 1 (22) 
4·v·L 

The other auger configuration had a uniform inside 
diameter and an increasing pitch of the flighting with 
distance from the "inlet" end of the auger. The design 
equation for the pitch as a function of ll~'ngth along the 
auge< was as follow" 1 

P(x)= 4·v·OD·x (23) 
1!..([ODJ2_[IDJ2) ,w 
4 

Both of the auger configurations dramatically improved 
the uniformity of flow over the conventional auger. 
However, according to the confidence intervals for the 
slopes, flows were significantly different from an "ideal" 
uniform flow across the length of the augers. 

The decreasing inside diameter auger shows more 
promise than the increasing pitch auger. The increasing 
pitch alJger has potential problems with flighting/granular 
material interaction. The decreasing inside diameter auger 
will likely be easier to manufacture. 
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