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at the bottom of the dam ring to remove fines on the table 
(which would otherwise form a dormant layer cushioning the 
grinding action of the rolls).

The overloading of the separator by more oversize particles 
could be overcome by Installing a double type classifying 
action - static adjustable vanes followed by a rotating 
basket, or blade type whizzer, as on the present mills.
It is felt that in future higher duties will be imposed 
on separators and new designs will have to be Introduced 
to keep plant to within reasonable sizes, for example, 
two separate separators per mill might be more economical.

It was mentioned above that the velocities within the 
mill plenum above the table should be kept low and an 
alternative method that has been proposed is as follows: 
the total air flow through the mill is governed b% dry­
ing requirements and transport concentrations of the 
dust/air mixture going out of the mill. The total air 
flow normally enters through the annular throat, although 
not all this amount is theoretically required for entrain- 
ment of the material off the table. Therefore, if the 
throat size were to be decreased to prevent reject spill­
age, and some of the inlet air were by-passed and intro­
duced at a point above the throat, low velocities could 
still be maintained directly above the table without sac­
rificing total air flow in the separator and conveying 
pipes. Figure 8.4 illustrates this point. Also, by in­
stalling dampers in the by-pass ducts, the throat veloci­
ties would be controlled for either different operational 
conditions or, say, grinding of denser material to prevent 
excessive rejection.
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Control damper

Roll

Table

Air

FIGURE 8.4: Proposed Air By-pass System

B.1.3 Materials

The development of wear resistant materials has certainly
k e p t  a b r e a s t  o f  m i l l  d e v e lo p m e n t  a n d  f u t u r e  in c r e a s e s  i n  
size will n o t  b e  a f f e c t e d  o r  h a n d ic a p p e d  b y  t h e  a v a i l a b i -  
lity of suitable materials. The temperature of the inlet 
air (at present about 500°C) could be raised by using 
special alloys on the mill inlet casing but this is not 
often economically feasible.

8.2 CONCLUSION

The feasibility of extending the capacity range of verti­
cal spindle mills seems extremely good provided that the 
problems are realised now by both designer and user so 
that realistic targets can be set and the necessary design 
changes implemented in good time. The mills will become
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larger, the roll type mills will have four, six or even, 
eight rolls ~ approaching the ball ring roll mill - and 
drives will be altered so that an economically viable 
mill is the result.



CHAPTER 9

SUGGESTIONS FOR FUTURE WORK

The field of research into mills and associated paramet­
ers is extremely large and much work is being done at 
present on the development and improvement of existing 
systems. However, arising out of this study, some desir­
able avenues of research are as follows:

1) Study of the fluidised bed directly above the throat 
in relation to various throat geometries, especially 
with a view to minimising the Coanda effect. The by­
pass throat is one possible solution.

2) Development of a system to effect non-combustible 
grit removal off the mill table. This grit, being 
denser than the coal, tends to remain on the table 
longer, giving rise to high wear on rolls and table 
segments.

3) Study of an arrangement for driving the rolls and not 
the table. This has been tried on a small scale with 
promising results and presents definite advantages in 
larger installations.

4) On-line sampling and flow measurement are still not 
satisfactory and although results are obtainable, 
the methods available are tedious.



CHAPTER 10

CONCLUSIONS

10.0 INTRODUCTION

In this Chapter the main conclusions drawn from the var­
ious tests will be summarised.

10.1 MILL MODEL TESTS

The l/$th and l/8th scale models were tested in a water
circuit to visually confirm postulated flow configura­
tions, with the following results:

(i) There was a Coanda effect along the sides of the 
mill body in the Lopulco model.

(ii) Recirculation takes place in the conical body 
section and overeiae particles have to fall 
through a high velocity aone to reach the table 
for further grinding.

(iii) There are dead areas within the body space.

(iv) The separator efficiency could be improved by wid 
ening the flow distribution across the radial 
blades.

(v) Throat deflectors could eliminate to a large ex­
tent the Coanda effect as well as decreasing the 
recirculation behind the rolls (in roll cover).

(vi) The static classifier is preferred from a flow 
path point of view and ensures more positive ver 
size return.
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(vii) The models were most useful in visually confirming 
previously observed effects as well as highlighting 
further problem areas,

10.2 FLUIDIBBD BED TESTS

Tests with various materials of differing shapes, in air 
and water as the fluidizing medium highlighted well known 
phenomena as well as serving as an introduction to the 
basic background of flow principles. The following con­
clusions emerged:

(1) The results were reasonably in l»ne with published 
data although the particle shape factor was found 
to influence the scatter of results to a greater or 
lesser degree.

(ii) A slugging frequency to velocity ratio relationship 
was noted in the air-solid system.

10.3 INDUSTRIAL TESTS

These tests were conducted after the model tests and were 
performed during commissioning and in the early running 
stages of full scale mills. Nevertheless, certain operat­
ing problems were brought to light which were in some mea­
sure solved by the Information gleaned from the model re­
sults:

(!) The most suitable throat arrangement was found to 
be associated with an inward flow direction above 
the throat, with rounded inlet edges to the louvre.

(ii) The bypass cone has proved commercially viable and 
represents a totally new concept in throat design.



(ill) Temperature gradients, recorded within the mill
showed a. high heat transfer at the throat, indi­
cating low voidage directly above the throat*

(iv) Voidage within the mill plenum and separator was 
high; appropriate measurements could enable a cal 
culated recirculating load to be obtained.

(v) The separator design at Arnot was poor and the 
flow paths should be redesigned to prevent wear 
and impingement resulting from a high value of 
recirculation.

(vi) The separator sleeve provided a useful fineness 
adjustment without too high a pressure drop.

(vii) Sampling probes as a permanent installation can 
be successful if research is undertaken to estar 
blish a suitable design.

(viii) Irradiated coal can be used as a tracer for time 
determination provided it is used immediately, as 
it has a relatively short half-life.

(ix) Use of the uniformity coefficient and an average 
particle size simplify parameter assessment.
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APPENDIX B 

ASSOCIATED EQUIPMENT

B.l HABDGROVE MACHINE

This machine is a small laboratory ring-ball mill used to 
grind material samples. It consists of eight spherical 
balls of 25 mm diameter rolling between a lower stationary 
ring and rotating loaded upper ring (Figure B.H. An air- 
dried 50 g pre-siaed sample is introduced into the mill 
and ground for 60 revolutions of the mill with the upper 
grinding ring loaded to 2.96 N. The Hardgrove Index for 
coal is then determined by the equation

Hardgrove Index: H , = 13 + 6.93 D(x)

where D(x) is the mass in g of ground sample passing 
through a 200 mesh sieve.

It follows that the lower the Index, the more difficult 
the material is to grind, and this basis is used to size 
and compare grinding plant requirements for a particular 
application.

B.2 ABRASIVE INDEX*

This Index is used to specify the abrasiveness of the mat­
erial being ground. A pre-sized and weighed sample is 
put in a Yancey, Geer and Price machine which rotates 
weighed steel paddles in the sample at a set speed for a 
set number of revolutions. After the test, the paddles

The test is fully described in Trans AIMME, Vol 190 (1951)
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are washed, dried and re-weighed. The mass loss is a mea­
sure of the abrasive qualities of the material and the 
higher the Index, the more abrasive the material.

B.3 ROTAP SIEVING MACHINE

This machine enables a sample of ground material to be 
sieved and graded through various size ranges simultan­
eously. The required sieves are stacked on top of one 
another with the largest sieve apertures at the top and 
a collecting pan at the bottom. A lid is provided for 
the top sieve. A weighed sample - approximately 100 g 
- is introduced into the top sieve, and the machine is 
then run for 5 to 10 min.

The sieving action is achieved by moving the stack of 
sieves in a cyclic horizontal motion and tapping the top 
of the stack by means of a lifting and falling lever arm, 
thereby keeping the material in continuous motion, and 
preventing 'blinding' of the apertures. The sieves are 
then individually weighed to determine the residue mater­
ial on each size range.

B.4 GRINDABILITY INDEX

A 203 mm diameter by 203 mm long ball mill is used to det­
ermine the Grindability index. The ball charge consists 
of 100 steel balls of 25 mm diameter, with three equi- 
spaced lifter bars to promote the tumbling action.

An air dried 500 g pre-sized sample is introduced into 
the mill, which is then rotated at 40 r/min, A trip coun­
ter records the revolutions. The coal is ground in stages 
to limit each stage to about 10% of the sample to pass 
200 mesh. Only the oversize is returned to the mill for 
further grinding after each stage.



- 226 -

The Index is defined as

Grindability Index = No of"revolutions

where the revolutions are taken at 80% sample product 
minus 200 mesh.

Linear correlation with the Hardgrove Index has been 
found experimentally.

B.5 I&OKINETIC SAMPLER (Figure B.2)

The isokinetic sampler was developed for use mainly in 
power stations for the sampling of pulverized fuel. The 
principle employed is that the sample is withdrawn from 
the p.f. piping at the same velocity as the local air- 
coal velocity in the pipe, thereby not disturbing the 
flow pattern within the pipe. The measurement of local 
velocity is made by means of a combined Bitot/sampling 
probe which has an air purge to keep it clean whilst mov­
ing from point to point within the dust stream.

To withdraw the sample, the probe is positioned at the 
selected points within the pipe, these being chosen at 
the centres of equal areas, so that a completely repres­
entative sample is obtained - increasing in accuracy with 
the number of sampling points selected.

Having established (prior to the sampling) the velocity 
at each of these selected points, the withdrawal velocity 
is adjusted during sampling to match this velocity. A 
later probe development eliminates the velocity traverse 
and by balancing static legs, isokinetic sampling is ach­
ieved.
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The withdrawn coal/ar mixture is passed firstly through 
a cyclone which removes the majority of the dust, and 
then through a dust filter-bag. The cleaned air is then 
withdrawn through a rotameter to meter the flow and an 
air ejector operated by compressed air. The probe is 
connected to these portable desk mounted devices by means 
of clear plastic hose.

Figure B.3 shows a typical velocity distribution within 
a p.f. pipe. It is apparent how wide a scatter occurs,

B.6 I.C.L. PROBE (Figure B4)

For ease of sampling and spot checks, this probe is used 
extensively although its accuracy is not as high as for 
the isokinetic probe. It consists of a 25 mm bore pipe 
inserted into the dust stream at 45° to the direction of 
flow, drawing off a sample into a filter paper bag by 
pressure differential between pipe and atmosphere. The 
probe is designed to suit the pipe diameter, and is split 
along its length within the pipe, thus presenting an elong­
ated concave section to the dust stream.

Usually two diameters per pipe at 90° to each other are 
sampled and the sample combined for sieving.

FIGURE B4: I.C.L. Sampling Probe
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A P P E N D I X  C

Drawing of orifice plate and calibration refer­
ence curves for the model flow tests
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Comparative mill performance curves
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A P P E N D I X  E

Camden mill operating parameters plotted using the 
uniformity coefficient and average particle size
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APPENDIX E

COMMENT ON THE MODIFIED CAMDEN MILE TEST GRAPHS

Figure El:

The air/fuel ratio at constant load varies only with air 
increase or decrease, ie, velocity changes within the 
throat and through the separator. The higher the ratio,
the higher the velocities and, therefore, the coarser
the product expected. This is borne out by an increase 
of average particle siae with air/fuel ratio for various 
throat gaps (the narrower the gap, the higher the veloc­
ity). For the 89 mm gap, the separator speed was slight­
ly higher, thereby moving the curve to the left, other­
wise all things being equal, it would have been more to 
the right of the 117 mm throat gap curve. The 117 mm 
gap curve should indicate a finer product than the 102 mm 
gap throat, but by referring to Figure E2 the shift is 
perhaps even more apparent.

Figure E2:

The uniformity coefficient of the 117 mm throat product 
is much higher than for the 102 mm and 89 mm throats, ie, 
there is less spread of the distribution. This does in­
fluence the average particle size as there is less over­
grinding. The trend of Increasing 91/with decreasing air/ 
fuel ratio would suggest more efficient operation from 
an energy point of view at the lower air/fuel ratios for 
the same average size of particle. In fact, the power 
consumption is higher for the lower air/fuel ratios due 
to the higher recirculating load within the mill (ie, 
lower voldage due to lower velocity). Another reason
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why the distribution shows less spread for the 117 mm 
throat is that because the velocities are lower/ the 
chance of sweeping up oversize particles is less, there­
by presenting a more even distribution to the separator.

Figures E3 and E4:

Due to temperature changes, the throat velocity might 
present & different set of curves than those for air/ 
fuel ratio. A lower velocity at the throat will result 
in a higher mill differential pressure, and consequently 
lower mill outlet temperature. Also, depending upon the 
coal moisture content, the air inlet temperature will 
change to control mill outlet temperature within limits. 
However, the 89 mm throat curve has been displaced to 
the left, thereby Indicating a different temperature 
condition of the P.A.

Figures E5 and EG)

To control the final product fineness, the separator rot­
ational speed can be varied. The higher the speed, the 
more oversize it will return for further grinding, hence 
increasing the recirculating load within the mill. This 
will mean a higher pressure drop through the mill. The 
curves show the effect of using two rows of blades, each 
row containing a maximum of 90 blades. By removing every 
second blade, a 45 blade arrangement is achieved. As is 
to be expected, using the 90 + 90 arrangement gives better 
classification but also higher power consumption of the 
separator motor (more blade area). The two sets of curves 
are not truly comparable since the throat gap for the 90 
+ 90 blade arrangement is larger. The blade width was 
decreased to 38 mm with the 90 + 90 arrangement but the 
slight Improvement in fineness is offset by a higher 
power consumption. The trend, however, is also as



pected, that is, increasing particle size with lower sep­
arator speed. The uniformity coefficient shows very 
little trend and it appears, therefore, that the separator 
speed will not alter the distribution spread, but only 
the average size. (One point has been ignored since it 
is obviously a poor sample and not even near the trend 
of the other points.)

Figures E7 and E8:

As explained previously in the discussion on the opera­
tion of the mill, at low loads it is not possible to 
maintain design air/fuel ratios because the throat and 
mill velocities are too low to convey the air/coal mix­
ture; ie, when reducing load, the air/fuel ratio must be 
increased. Therefore, the average particle size will 
not be reduced to the same extent due to the effect of 
this increase in air/fuel ratio, as shown in Figure El. 
However, at the lower loads it is possible to increase 
separator speed and thus decrease particle size substan­
tially since the mill can then handle the high recircu­
lating load. The curve has been plotted for constant 
separator speed.

The uniformity coefficient will decrease at lower loads 
due to there being a thinner bed on the table and thus 
higher bed pressures exerted by the rolls give an impro­
ved grinding action. (One point has been neglected since 
it appears to represent a poor sample.)

Figures E9 and E10:

The roll pressure is adjusted by the springs on the roll 
lever arms. The higher the spring tension, the higher 
the roll pressure on the coal bed, (The rolls are ad­
justed to leave a gap between table and roll in the no- 
load condition.)



" -aw

- 241 -

As would be expected, the highest pressure results in a 
finer grind, as shewn by the decreasing average particle 
si%e. It appears that no benefit will be gained by in­
creasing the tension further than about 44 kN. The in­
crease in mill power consumption due to the higher drag 
of the rolls on the bed must also be considered in order 
to arrive at an optimum point. It is interesting to 
note that the higher pressures give a wider distribution 
spread (lowerTh). The reason for this could be that the 
higher pressure causes a higher wave in front of the 
rolls and a resultant spillage of larger particles and 
also of fine material which tends to stay on the table 
at lower pressures. This fine material acts as a cush­
ion and, in fact, impedes grinding of the bed.

Since the mill diff due to coal is an indication of the 
recirculating load, the dust loading in the mill Cch be 
assumed to be a function of air flow and coal mill diff, 
ie, it is proportional to

Coal mill diff since 

where M = air mass.

The product particle size decreases with increase in 
dust leading, ie, lower voidage. This trend is to be 
expected since the lower air flows will entrain less 
oversize material.

It Is interesting to note that the 90 t 90 blade arrange­
ment rotating at 81 r/min gives a curve very close to 
the curve for the 90 + 45 blade arrangement rotating at 
91 r/min (both with 102 mm throat gaps), although the 
separator power consumption remains the same.



A
ir

/f
u

e
l 

ra
ti

o

242 -

2.6
+ 117 mn) 
G  102 mn) t h r o a

gap
2.4

2 . 2

2.0

1.8
20 30 40 50

Average particle size - /AM
FIGURE El ; Average particle size vs air/fuel ratio



243

o•H+->rt
U

Q)

<1

6
+ 117 mm)
@  102 mm) thro t  g ap

. 8

. 6
1 , 41.21.0 1.1 1.3

FIGURE E2:
Uniformity coefficient TV

Uniformity coefficient "Tk vs air/fuel ratio at 
constant load

dtuk



Th
ro
at
 

ve
lo

ci
ty

,m
/s

 
Th
ro
at
 
ve

lo
ci

ty
^m

/s

+ 117 mm) |
© 1 0 2  mm) t h r o a t  gap  
Q  89 mm)

40
1.0 1.1 1.3 1.

Uniformity coefficient Th 
FIGURE B3: Uniformity coefficient vs throat velocity

+ 117 mm) 
0  102 mm)
E3 89 mm)

40
30 40

Average particle size, /tm
50 60

FIGURE E4: Average particle size vs throat velocity



Se
pa
ra
to
r 

r/
mi
n 

Se
pa
ra
to
r 

r/
mm

'-amp—

- 245

95
o  90+90)bfa^es

90

Uniformity coefficient 7%,
FIGURE E5: Uniformity coefficient ?T, vs separator r/min at

constant load

95
+ 90+45) 
0 90+90)blades

90

85

A/P 2.34, 50mm 
blades80

75

l/P 2.28, 38 mm
70 30 4020 50

Average particle size, /Jim
FIGURE E6; Average particle size vs separator r/min at 

constant load



246

23 OOCj

I
■pda |
bQ
doM
P

20 000

17 000

14 000!

4- /

/ 4

1 /

03

+  /

0.9 1.0 1.1 1.2

FIGURE E7:
Uniformity coefficient "TT/

Uniformity coefficient ft/ vs mill throughput

23 000

20 000
p
dPu
M
do

■s 17 000

30 40
Average particle size, <im

FIGURE E8: Average particle size vs mill throughput

4km.



- 247 -

40

tio’H
V3ticu■p

'25

Uniformity coefficient Ty
FIGURE E9:

40

35

beg•H
u

30 40 5020
Average particle 

FIGURE ElO: Average particle size ys spring tension



t̂sassmatnzimm&sai&tmwMBm

8

<D
•H(/] Lw^"
(DH

+ 117 mm) throat gap 0 102 mm) 90+90, blades

x 102 mm throat gap
90+45 blades

0,05 0,15 0.25 0.35

Coal Mill C
FIGURE Ell:Separator dust loading vs average particle size





Author  De Wet Kruger J I  
Name of thesis A study of the parameters affecting the design of vertical spindle mills  1977 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 


