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The middle of the mill (in the region above the table)
forms an area of zero, or rveverse, flow - which is
logical since this is the area where the feed ig intro-
duced, as well as being a large dead region. A cone
of approxiamtely 60% included angle can be taken as
representing this dead region, and hence any design
incorporating a return of oversize particles to this
region will ensure that the particles fall back onto
the table for further grinding (see Figure 5.14).

A Coanda effect was noticeable up the sides; this would
lead to high wear when the air was carrying particles

plcked up off the table. It also meant that the

velocity at the point of body divergence was high,
problems in returning separator
the table. The working principle
that any oversize particles will
of the cone section and on to the

which would lead to
ovaersize back on to
of the separator is

fall down the sides
table, thelr being too large to be entrained at the

velocity at that point in the mill. lowever, a

local high velocity will immedlately entrain large
particles and cause a local recirculating load which
will only decrease when the load is too high to be
supported, and ultimately cbllapses on to the table.
This leads t¢ irregular mill operation.

If the divergence regcirculating boundary is extended,

it will be seen that the geparator blades are doing

very little, if any, work in the region corresponding to
the outer 20% of the radius and all the classification
is being achieved “n the inner 80% of the blade. In
fact, 1f the klades were shortened, it is doubtful
whether any significant gize change would take place,
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and the blades could be effectively speeded up without
overloading the drive.  Typical blade wear is shown
in Figure 5.15.

This series of model tests led to the following
conclusions:

(i) The flow distribution at the louvre ports

Wag uneven.

The Coanda effect was linked to this distrib-
ution, and hence high wear could be expected.
There were zero or reverse flow regions within
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the mill.

(iv) The separator blades were not being effectively
utilised.

(v) The flow pattern did not change significantly

within the operating flow range.

The following series of tests was based on the inform-
ation gained from the pitot traverses. A series of
cones (as shown in Figure 5.16) was installed in the
model and the flow wbserved in certain areas (due to
the difficulty of inserting a pitot no pitot readings
were taken) . The result was an improvement in flow
at the throat and a reduced Coanda effect,

In order to assess the probability of particle entrain-
ment in the dead zone between the mill body and the
inserted cone at the enlargenent of the mill body from
point A upwards (see Figure 5.16), sand was then intro-
duced ag a feed into the model. It was found by
collecting the sand trapped behind the insert at point
A that approximately 10% of the mass had recirculated
despite the fact that the velocity of water throuch
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the separator was higher than the free fall velocity
by a fuctor of approximatley 14.

This pointed to the fact that natural separation was
taking place without the aid of the separtor and that

if this oversize material could be channelled back onto
the table without building up in the reverse flow zone,
then the load in the air zone would be considerably less.

5.6 SLICE MODEL TESTS

It was realised that to investigate the various config-
urations within the mill, a simplified model would be
reguired in which guick changes could be brought about,
and in which the flow pattern could be easily observed.
For this purpose it was decided to use a slice model.

This model was made out of two sheets of 230 x 510 x

6 mm clear perspex mounted at an angle of 3% to each
other. The mill profile, tc a scale of 1/8, was milled
ocut of cne of the sheets of perspex, and inserts for
separator discs, roll covers and other modifications
made. To remove the inserts, the Ltop perspex sheet

was eble to be unscrewed from the bottom sheet and the
inserts taken out of thelr slotted positions and replaced
by blanks. 3 mm brass screws and G clamps ensured that
no water leaked past the inserts which thug provided a
good seal between top and botitow sheets.

The nodel was mounted on a hydraulic bench which incorp-
orated a welgh Lank and a sump. A pump ¢ilrculated

the water through the model via a 20 mm hose and
regulating valve. The water entered the mod-l through
the throat, or louvre, and left at the mill ocutlet on
its way, via a hose, to the sunp (Figure 5,17).
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FPIGURE ».17: The slice model mounted on the

hydraulic bench
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A few packets of washing detergent and green ink were-
added to the water in the sump and this mixture was
pumped through the model in an aerated form. To
achieve this, a 6 mm compressed air line was connected

to the circuit -just before the regulating valve.

A 1000 W Sylvania light was mounted behind the model and
its light diffused by hanging tracing paper between it
and the model. This enabled one to see the flow
patterns in the model clearly when viewing from the
opposite side, since any disturbance in the f£low in the
model caused more intense foaming at the point of turb-
ulence. Various photographs of the different flow

patterns were then taken.

5.7 JET ATTACHMENT ABOVE THE THROAT

The slice model and the 1/6 water scale model both
showed the Coanda effect above the throat. Sawyer

(BL3) has analysed the re-attachment of a jet -

both flowing parallel to a flat plate and inclined

to the plate. Hig analysis agrees well with the
measurements of Bourque, and of Miller and Comings (B13).
Briefly, the notation for the jet was as shown in
Figures 5.18 to 5.21. It will be seen that the re-
attachment point moves further downstream as the

angle increases, as would be expected.

The 1/t ratio for the mill is in the order of 10 (for
a condition where the re-attachment point is past the
point A of body divergence); this corresponds to a
ject angle of approximately 30° and since it was not
possible to move the existing throat inboard, i.e.
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increase the h/t ratio, the slice model throat cones

were designed tu make possible various jet angles to

avoid the Coanda effect.

5.8 RESULTS
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The model was coenstructed so that various geometries

within the mill could be altered. These involved (i)

the separator hub discs, and (ii) the recess behind

the rolls (which was not considered in the perspex
1/6th scale model). The effects of coal

ot g

flow across
the table and particle recirculation in the separator

zone were not simulated.
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Th= mill outlet was taken
as discharging as shown although this pattern would
change for the opposite side of the mill since the

discharge is not symmetrical around the mill top.
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The
effect of swirl flow due to the louvre inclination and

U

separator rotation were algo not amenable to simulation
in this model.

pisponpast

In addition to the perspex luserts
in the model, use was made of plasticine to form various
boundaries within the model.

I TS

Although a number of
configurations were tested, it was not assumed that
these would all be practically acceptable from the

point of view of cost and possible wear.

e et o g

The main
aim was merely to observe the flows - irrespective of
other considerations.

P




s - TooW T M Ao et T2 g &

2

st Sl i ik

2

- 102 = %

e ey 2

e it

B e B D

FIGURES 5.22 = 5.39: Slice Model Visualisation Results
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PIGURES 5.22 TO 5.30

These show the flow patterns with various configurations

of separator blade hubs and roll cover recess. The
Coanda effect can be clearly seen as well as the flow
breakaway at the conlcal divergence. There appears
to be a narrow flow area through the blades which
confirms the previous pitot traverse results. Figure
5.29 indicates flow across about 78% of the separator
radiuvs, as compared with 80% in the traverse results,

There is also a recirculation within the roll cover,
although with the roll casting and assembly in place,
there will be much less free space behind the roll.
The fact that corresponding wear does take place on
the prototype confirms this observation.

Another feature brought out by these photographs is the
abundance of dead space, e.¢. in corners and between
separator disc hubs. A1l of these areas will be high

wear zones 1f particle recirculation takes place.
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FIGURES 5.31 70 5.36

In order to minimise the Coanda effect, the effect of
various values of throat det angle was investigated,
the angles being o= 10°, 22° and 28° to the vertical -
the latter corresponding to the cone angle of the
ingert above the throat of the 1/6th scale perspex
model. At jet angle et =10%, the jet attaches itself
within an 1/t range of 6 to 8. From the curves
given by Sawyer (BL13) this is also obvious. At

o = 220, there appears to be no attachment to the
vertical wall and the recirculating zone behind the

throat (roll cover) is less intense.

At K= 280, the nozzle would appear to give high part-
icle impact on the central feed chute but at the same
time allowing heavier particles to fall back onto the
table for further grinding.

As far as the flow straighteners are concerned; the effect
of these must be viewed more from an experimental rather
than practical point of view. It is possikle to get
reverse flow on the conical sections (Figure 5.34) at
discharge at the divergence. Whether particles could
c¢ross the high velocity flow stream onto the table is
debatable.

The elimination of the dead spaces has had a streamlining
effect on the flow and should be beneficial from a pres-
sure - drop and wear poilnt of view.

The flow pattern through the separator is slightly wider
with the 22° jet and the insert configuration of Figure
5.35. By restricting the turbulence region, a wider band
is obtained.
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i FIGURES 5.37 TO 5.39
ﬁ Further internal configurations were tested as shown here.
% A static classifier shape (Figure 5.37) will return over-
5 size particles to the centre of the table (which is ideal).
i By correct positioning, smaller turbulence zones can be
obtained. Note that the 22° jet is used here.
j
y By lowering the cone (Figure 5.39) and inserting a flow 1
§ straightener (Figure 5.38), 1t is possible to present a f
wlder flow area to the separator. The problem of return- !
ing the oversize still remains. f
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CONCLUSIONS

The slice model proved a most adaptable method

of visualising this type of model flow as far as
interchangeability of configurations and ease of
recording results was concerned.

The existence of a Coanda effect and a recircul~
ating zone at the body divergence section were
confirmed. By directing the throat jet inwards

at 22% to 289 the Coanda éffect could be eliminated
and a slightly wider flow area presented to the
separator.

Corners and dead spaces should be avoided since
these give rise to vortices and resultant high wear
rates. A high recirculating area appeared to
exist behind the throat in the roll cover recess.
(A bypass type louvre, g discussed in Chapter

7, would suppresg this effect).

Flow straighteners appeared to give wider distribution
across the separator, but the practical implic-
ations of such installations would be high wear on
these iltems.

Returning the separator oversize via an inner cone

(Figure 5.37) would prevent the high recirculation

evident in the separator region and, in conjunction
with the diverted throat, enable oversize particles
to fall Lick onto the table through a low velocity

zone.
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CHAPTER 6

FLULDISED BED TESTS

6.0 EARLY DEVELOPMENT OF FLUIDIZATION TECHNIOUES

Fluidization in its crudest form has been known for over
a century, but it has only been during the last few dec-
ades that it has found widespread industrial and scienti- %
fic use. The first large scale use of fluidization in
the United States dates to 1940 when the petroleum indus-—
i S try started intense research inte catalytic cracking of
oil vapours using this new process. The older method
. had been to regenerate a fixed bhed hy a system of back- h
washing developed in 1937. In order to reduce the com- :
plexity of the older process, the fluldized bed concept :
§ was then developed, whereby the gas was blown through {
: the bed at a velocity high enough to keep it in suspended
motion. The immediate advantages of this protess were:

%
g
d

gt 1 i e N A Y

=~ Temperature control of the cracking process: owing to
the intense agitation produced, localised high tempera-

; ‘ tures were minimised and the product was spread more

| evenly.

e

= Continuity of operation: the bed behaved like a liguid,
L ‘making additions and withdrawals easy, whilst ensuring
good mixing almost immediately.,

= Good heat transfer: a large surface area in good con~
| tact with the catalyst was readily available, and
although transfer coefficients were not as high, the

transfer rates were better than had previously been
achieved.
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Catalysis: a definite level of catalytic activity could
be maintained because a catalyst could be added or with-

drawn continuously.
The disadvantages were:

Higher pressure drop: since the mass of the bed was sup-
ported this led to a higher pressure drop than for kilns

or trays.

« If a uniform temperature gradient was required through
the bed, a fluidized bed was unsuitable.

- Attrition of the bed particles led to carry-over and
subseguent recovery. Conseguently, a recovery vessel
usually had to be included in the system.

- Pluidization was only possible if no liguids or slag
formed during process reactions. Thus hydrocaxrbon
synthasis could not be handled due to wax formation,

Although it would appear that the principle of fluidiza-
tion has revolutionised the petroleum industry, its uses
have been important in many other industrial and scientific
developments, especially in the pulverised fuel application,
and in the mechanical handling of powders and dilute phase
material. The Airslide conveyor is one of the many paten-
ted devices which followed on the successful use of a

fluid bed; another is the alr-activated blender which in-

corporates a stirrer in a fluidized bed.

6.1 APPILICATION TO GRINDING

The grinding mills used in modern power stations are oper-—
ated on similar lines to a chemical fluidized reactor, in
that they are also air-swept, the difference being that
the amount of carry-over in the former is considerably
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higher. However, the principles involved are the sanme,
namely, heat transfer occurs and there is continuity of

operation and particle size separation.

(i) Heat Transfer: Since the coal is not always dry
or even of constant moisture content, it hag to
be dried out considerably hefore combustion will
be stable and the pulverised coal will not agglo~
merate and form hard deposits. The fluidising
air is therefore preheated before entering the
mill so that as the coal is crushed on the mill
table and swept up, it is simultaneously dried.
Although the moisture will still go into the
furnace, combustion efficiency will be ilmproved
both by preheating the pulverised coal and by

drying it.

{ii) Continuity of operation: The furnace is designed
to burn a certain size range of particle contin-
uously to maintain stable combustion, and to give
good burnout efficiency, and hence good boiler

efficiency. The coal is therefore fed continuously

into the mill and an equal amount swept out in a

pulverised state.

(iii) Particle size separation: -The largest size swept.
into the furnace from the mill can theorebtically
be determined from free-~fall velocity considera~-
tions if all the particles are of the same density
and shape. In practice this does not happen and
localised high velocities in the system pick up
particles larger than desired for combustion. The
design of the system therefore requires a config-
uration which will as far as possible utilise the
particle cut-off size for a particulaxr air f£low;
this size is higher thanr the limiting size for
combustion since svstem resistance has to be over-
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come downstream of the mill, thus necessitating
higher air velocities in the mill. For this rea-
son mills have a classifying circuit which returns

the oversize particles for further grinding.

Investigators have tackled many aspects of a fluid bed
and several well established formulae have been used to
predict pressure drops, velocity relationships and carvy-
over from mixed beds. An important point about all these
eguations is their unpredictability when applied to sys-
tems handling unusual shapes and sizes even when so-called

shhape factors have been applied.

Two phenomena for which there has yebt been no satisfactory
explanation are channelling and glugging; these can cause
serious problems in plant processes gince by their exist-
ence they negate the advantages of a £fluid bed as explained
Channelling occurs when the gas passed through

previously.
the bed along a preferred path and its effect is self-

propagating. It is usually caused by a poor fluidizing
medium distribution. Slugging usually occurs at the on-
set of fluidization and the whole bed seems to bubble,
with slugs of material and gas alternately rising and
breaking the fluid-golid interface surface. Both these
phenomena seem to be present in gas-solid systems to a
greater extent than in liguid-solid ones. For exanmple,
Leva (F5) found that 36 to 72 mesh coal powder started
slugging at 0.19 m/s when fluidized with air in a 64 mm

tube.

6.2 MECHANISM OF OPERATION OF FLUID BED

Considerable experimental data ig available for a wide
variety of fluidized beds, the main investigations being
into the influence of pressure drops, fluid velocity
fraction voids and particle shape factors. Other pheno-
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mens such as heat transfer and mass transfer will not be

dealt with although they are of importance to the chemi~

cal industry.

When a screen~supported bed of particles in a tube is sub=-
jected to an upward flow of fluid at gradually increasing

velocity, the following is observed:

(1)

The bed remains stationary, with an increase in
pregssure drop across the bed as the velocilty in-
creases (Figure 6.1). Various authors have repoxr-
ted that the bed adjusts to the assemblage with
the lowest resistance, ie, cubic, without becoming
fluidized until the maximum allowable woid fraction
exilsts. At this polnt the bed has the appearance
of a boiling vigscous fluid and the pressure drop
acrosg the bed will be caused by the bed mass plus
that due to the empty tube frictlon (which will be
small by comparison). Due to the static friction,
and possibly electrostatic charges, the pressure
drop/velocity curve displays hysteresis, but once
the bed is fluidized beyond the "minimum fluidiza-
tion" point, the pressure drop remains almost con-

gstant.

The bed continues to expand with increasing fluid-
izing velocity until the void fraction is 1.0, at
which point the velocity of the fluld corresponds
to the free-fall velocity of a single particle in
the bed, and above which wveloclty the particles

will be transported out of the fluldizing tube or

chanber.

The three phaseg are therefore: (a) fixed bed; (b) mini-
mum fluidization; and (c¢) expanded bed.
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6.3 PRARTICULATE -AND AGGREGATIVE FLOW

The physical phenomena associated with the fluid flow pasg=-
ing through the bed have been described by various observers
as resulting from a uniform expansion of the bed, allowing
greater ease of passage of the fluid through the widening
interstices, or the formation of bubbles rising through the
bed analogous to bubbles rising in a liguid. These two
forms of flow have been termed particulate and aggregative

respectively. Particulate flow is common to solid-liguid
systems whereas aggregative flow occurs mainly when gas
ig the fluidizing medium, although certain solid-liguid
systems do display agyregative tendencles. As can be
expected, the particulate form of flow has been studied
more thoroughly due to sase of observation and it has re-
sulted in more rigid, or accurate, eguations than the
aggregative state.

G.4 DENSE AND DILUTE PHASES

If a bed is fluidized to a void fraction of 0.95 - 0.98
and particles are added to the bed from the top of the
fluidizing tube, they will remain uniformly suspended in
the bed until a stage is reached at which the bed cvoncen-
tration is such that the whole bed collapses to the bottom
of the tube and behaves as a shallow dense bed. The con-
centration, or voldage, at which this occurs is a function
cf the particle-to-fluid dengity and particle size. Yenz
(r7) explains the transition from dilute to dense phase

as follows: any object suWmerged in a flowing fluld will
generate a turbulent wake, the size of which will depend
on the size and shape of the object and the properties of
the fluid., It is also known that induced turbulence re-
duces the drag coefficlent so that a high f£luid veloecity
ig required to keep the particle in suspension if turbue
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é d ‘ lence is induced on the upstream side. Suppose the part-
il : icles are in a very dilute concentraticn 100 diameters
ﬁ} ' apart with wakes of 20 diameters in length. By increas-
ing the concentration, the distance between particles

will decrease until the particles £all into each other's
wake, thereby reducing their drag coefficient and re~

‘l\‘ &
2 quiring a higher velocity to keep them suspended.

As
4 the velocity remains constant, the bed will collapse to
; its dense phase. !
‘ 6.5 FIXED BED
)
‘ When a bed is prepared in a tube or contalner, the phys- @
?E ical properties of the material will govern the behaviour Y
§ of the bed when air is passed through it.
v - ;
E The pressure drop of a fluid through a length L of packed i
i spheres is represented by :
l AR 2 £ Qe Vo2 (6.1) . }
‘) IJ d - [ L] © ° “ - L] * L] » i
where £, the friction factor, depends on Re, and voldage
; £ is defined as |
% - 1
: e M,
i % = 1 = N v
) { AL (Vé Pf) 3
i § £ is therefore the fraction of volume occoupied by the ?
, ﬁ fluid. Blake (F6) proposed the following relationship %
¥ § for fiwed beds: %
\ , 3-n !
£ 3 ,
%
; At low values of Re, n = 1, so whereAP does not depend
| on @ﬁl f nay be expected to vary as (1 méi)z/&B ke and
at high Re (n = 2), where @ﬁ is wimportant, as (1 ~£;)A33.
Experimentally, the expression holds for low Re but not
i for high Re. i
1
i
1
& ik ; '%
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Carman (F6) studied low Re flow an” found that
£f=0C(1l - 5)2/83 Re

with about 10% of scatter. This can be combined with
equation (6.1) to give

2 t
2 C v, L }L(l -~ &)
ale 3

AP =

Values of 2 C have been reported as follows (F6):

Carman 878
Lewis et al 752
Bureau of Mines 976

Oman and Watson (F6) experimented with a wide range of

materials and shapes of beds, both loosely and closely

packed. They found a 25% increase in £ in guing from a
loovse to a dense packing arrangement when the size and

shape were uniform.

Ergin (F6) proposed the equation

Ar _ 2400 (2 -g)2 Mo Lo 16 € Y%
T e

£3 a e

This accounts for the total energy as bheing egual to the

.sum of the viscous energy loss (first term on right hand

side) and kinetic energy loss (second term).

6.6 MINIMUM FLUIDIZATION

By the definition of voidage £, the minimum fluidization
vcidaqa%imf is given by

e

O .

]
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Typical values are given n Figure 6.2,

Also

AP =L o (1 -8 2 (B, -Pd g o« o o . {63

From an operational point of wview, it is important to
establish the system parameters at this point = in the
mill application it would represent the point where re-
jection could begin if all the particles were similar.
Emf will thus be related to fluidizing velocity, particle
size and density. Deva (F6) gives the following eguation
based on equation (6.3) and the fixed bed pressure drop
equation:

a ¢33wn gB 6%
s s
o a9 (@ - P ene 8.7 O

"o G 0o [ 2 . (605)
mE . 5 2-n
2 £ (1 Emf>

2 f G
AP B m

L] L) . » @ & (614)

For Re <:10, fm = 100/Re and n = 1, and since Gmf = @S Ve

o L0020 % g P (B - P A7 Ee o
e e Ce X

Using data correlation for Re <:S,O and the correlation
of Figure 6.3, Leva (F6) eliminated gy an&ész from equa-
tion (6.6) above to give

: 1.82 7 "
3357 4 | p _ 0.94 7
Gmf - ;VkC)‘ 88 {-Pf (?S {?f)J . ¢ @ (6;7)

Miller and Logwinuk (F6) dexived a slightly different form
by dimensional analysis:

S

\“4aam&§&ﬁ§
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FIGURE 6.2: Valuesofﬁﬁmf in relation to d. f(a) Soft brick;

(b) Absorption carbon;{(c¢) Broken Raschig rings;

(£) Sand; ({(g) Round sand; (h) Sharp sand;

(1) Fischer-Tropsch catalvst; (J) Anthracite
coal; (k) Mixed round sand; (1) Coke: (m) Carbor-

undum. (from ¥6)

€n? 42
6, e Round sand
| o Shorp sand
s Cuﬁﬁﬁyusl
o] [e19]
d, ing

FIGURE 6.3: Correlation between the product of the voidage

function and the sguare of the shape factor with
particle diameter from F6)
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' “ G p = L} © ° % (6.8) \

mk JA
; i The Miller-Logwinuk equation is shown in relation to othexr 1

§; : equations in Figure 6.4. Wilhelm and Kwauk (F6) correlated f
i § their data by relating X, and Ko to Re: !
| ;% .

! a’ p :
§ g :KA“'; o g:f;A H
A i E N
i i 2 P‘ me

: 3 - ]

! K = d” g Py (P - P , !

i 89 Z}L? »

ﬁ A set of curves (Figure 6.5) enables Gmf to be found,

g point B being the minimun fluildization point. Finally,

ﬁ ' a more recent correlation due to Bourgeolis and Grenier
| i i A (F4) incorporates the Fluidization Number F (= 2 KAG):

1 ‘ _ 90 (@ - O , !
“5 Fn b () © [ [ . [ (] . [ (6.9«) 1

¢ ¥ Ry

) /

! For alr the following relationships were determined:

Re ' i

R . S . 4 6 l
R = gz=— = 26.6 - 2.3 log F, for 4 x 10 <Fn <8 x 10 |
mE , , l

R = 10.8 for ¥_>>8 x 10° *

f i
f The equations for water are: g

bt ;

‘ For 50 <'F {2 % 10°, R = 132.8 - 47.7 log ¥

} ror 50 ¥, : 28 = 47.7 log ¥, |

! ) |

L. + 4.6 (log Fn) |

‘ , 4 » 6

3 For 2 x 10 \Fn(\lO , R = 26,0 - 2.7 log F_

! ror 10° L ¥_, R = 9.0

I

M

J
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6.7 EXPANDED BED

Once the initial bed movement has taken place, the bed
expands upwards until the voidage approaches unity. Slug-~
ging phenomena as previously discussed can take place, but
considering a uniform expansion, the fluidization curve

appcars as shown in Figure 6.1. HeredAP is the pressure
drop across the expanded bed.

6.7.1 Solid~Liguid Systems

For exzpansion in the laminar range the Hawksley-Vand egua-
tion has been confirned by Harratty and Bandukwala (F4)

- and the Brinkman equation (F6) has experimental support.
These eguations are:

Hawksley-Vands v /v, _q = £ 2% “Z,S(Iﬂa)4?“(39/64)(l”£ﬁ

e+« . (6.10)

gy e

(€8

B ” P e - 3 L c i 8
Brinkman: Vo/Vomy = 1 + 7 5)[1 =g ~ ]

e

e« .. {6.11)

He: v is the superficial velocity or the velocity of i
j } fluid in the tube, and v _, is the particle terminal velw-

occity.

i e

If equation (6.2) is applied in the expanded range, and
replacing L by its equivalent (1 - € /(1 - EO), and |
provided that no slugging occurs, we have i

E 6 - !

: 976 G#L[qjug.mfj(lh,eo)z A
‘5 !

; AP 2 ? ) ) 3 . @ . " (6.12) E
a‘ 4.° P. &

8 £ *o

{
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is eguation can be tested by plotting Re against (Iwi%)/
A log-loyg plot will yield a line of negative slope.
{F6) gives references which show general agreement
the above equation up to &= 0,80, after which devia-

]
5
|
|
i

Leva
with
tion occurs.

To predict transition and turbulent rande expansion,
investigated fluidization and

A AR

Richardson and Zaki (F9)
sedimentation data in the light of the following dimen-

sionless variables: !
%

v d v .
f s O & (6.13) g

d
=t om F "“““”“""}}v“’*" =y B‘E ’ “

L . # 3 L] .

By presenting the data in the form

e v T

R

v d v, M=
£ -
= m F("'@;"' 7 “‘”"’“‘?""‘g}’:") @ e @ & . . v ((’)-14)

Vi M :

straight lines should emerge on a Jlog-log plot of Ve VS &

s —

Richardson and Zaki's equations give

mo= (4.35 + 17.5 a/p.) Re™0°0% for 0.2 Lre L1

mo= (4.45 + 18 a/p,) Re 0'? for 1 <re < 200

LT A e o s s g,

g i
é m = 4.45 Re 0.4 for 200 <1Re <:SOO
il “
| m o= 2,39 for Re > 500
|
% Andrieu (F6) studied the offects of particle size on the
j slope m by speclally prepared fluidizing sand mixbtures.
i ! i i
{ The coarser the minture, ie, larger the average particle
: size, the lower the value of m.
i
i
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6.7.2 Solid-Air Systems 3
’ |
I These are more complex due to the slugging phenomena men- {
£ . . ) , ) i
! tioned previously. The change in slope of m can be seen £
bt from Figure 6.6. #
‘;‘;“:‘E i
%’ AA Gos flow 1
BB Liguid flow A
3‘ ‘ :LL G —an- B ?‘
o de yzWA e o 8 '
a -~
: 3 ;{V AE d Orning® |
. . rgun ond Oraing :
5 A ¥4 ¥ Grot 46 Zﬁ
% =200 }’g A Hateh ;
%@ &l + Jotfrond .
% ! 17 Lewis and Bowermon!®
;’15 -5,0 ..Jc[ 85 Lewis, Gilliland und Bover'S
h\ gl § & Mossimillo ond Brocole'”
é L‘; X Gfin and Deon'® E;
i ’ A& Porent, Yago) ond Steiner'? |
i ‘ =4.0-F ¢ Withelm ond Kwouk?2 . j
! Ngk\ Corralution by U.S, Bureou of Mines'
X 50014 N S R S DT s
i Gl 0.02 003 0.04
!
i ; d, ins
! |
’{ 4
i FIGURE 6.6: Slope values from gas- and liguid-fluidized '
{L o (3 > 3 ke %i
! data in relation to particle size (from F6) |
6.8 EXPERIMENTAL APPARATUS
1‘
ﬁ Basically the same apparatus was used for both air and b
i water experiments. The eguipment was readily available, i
having been used in previous laboratory tests.
e
| 6.8.1 Alr Pluidization (Figure 6.7)
A 34 mm I.D, clear perspex tube 1 676 mm long was mounted
i on a metal pot base (which was half-filled with porecelain
S 0} s . )
; beads) which acted as a calming section for the incoming
] fluid. The top cover plate had a machined venturi type
]
i

nozzle leading into the perspex tube, the latter being
positioned and sealed with bolts and an O-ring on the

lower flange of the tube., A 150 mesh phosphor-bronze

|
|
&
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screen was also clamped in this flange to serve as a datum
; from which bed heights could be measured by means of a
; ruler clamped onto the tube. 36 presnure tappings were
drilled into the tube, those nuwbered 1-24 being spaced
25 mm apart from the bottom and thoge nuwbered 25~36 being
? spaced 50 mw apart. Clear plastic tubing 1 mm I.D. was
i countersunk into the perspex and connected onto hyperder-

! mic needles which were in turn connected onto a bank of
+ | inclined water manometers by 5 mm rubber tubing.

: The fluidizing alr was taken from the laboratory air main
and controlled through a filter and regulating valve.

The fLlow was measured by means of an orifice and a water
, manometer. Different sized orifice plates were used to

i obtain reasonzble scale readings at low flows. Tempera-
ture and pressure were read upstream of the orifice and F

AT

g i o T o T

at the base of the particle bed.

6.8.2 Water Fluldization Figures 6.8 and 6.9)

The same pot base and perspex tube were used. These were

mounted on a hydraulic bench incorporating a counter- %
balanced weigh~tank for measuring flows. Water was pum- é
ped from the sump through a regulating valve and into the f
pot base, and the flow measured either in the weigh-tank f
or in a graduated beaker over a timed interval. Water i
temperature was recorded at the tube outlet.

R L S R b s 2 e
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6.9 DBED PREPARATION

§
The method of bed preparation is responsible for one of %
the important erroms that occurs in measuring fixed bed }
parameters since the type of material, its shape and gize {
are so widely wvaryving. Smaller particles tend to pack
more tightly, as do spherical materials, and external
effects, such as electrostatic charges, tend to result
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in an uneven distribution throughout the bed. The bed

was therefore prepared in the same way for each test by

pouring the sample onto the mesh from the top of the tube
and tapping it gently. This height was read as the fixed
bed height and checked again after the test had been run.

Generally the two readings corresponded very well.

6.10 SAMPLE PREPARATION

The samples used were:

Spherical steel shot -~ 0,81 and 1.50 mm &

gpherical polystvrene beads - 1.24 mm &
Sand - 0.66 mm &

Rectangular plastic beads - 3,89 % 2.63 x 2.72 mm

The steel shot was rolled down a 5° incline to remove any
irregular shapes from the sample, while the sand was siewv-
ed to determine the size range and to remove the fine dust
particles. The density was determined by the water dig-
placement method, since the samples were not considered

porous.

FPree~fall velocities in wabter were measured using a sampl-
ed nunber of particles from the size distribution sample.

The particles were timed falling over a measured distance

in a tall flask, taking into account the acceleration dis-
tance and the wall effect in the final results.

The typlcal particle size of the sample was determined by
measuring a certain number of the particles with a micro-
meter and taking the azithmetic average, since the size
distribution was not wide enough to Introduce significant
errors with this wmethod, Prior to each test the sample

was welghed dyy.

S o Y ORI Pt
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6.11 GENCRAL PROCEDURE

¥
by
: After the bed had been prepared, the fluidizing medium . !
was regulated through it at set flows, the following be- ga
ing measured for sach flow: .
~ Bed height, 3
- ~ Fluid flow.
# “ - Pressure drop at the various tappings.
i ~  Movement of the bed. (
;§ -~ Fluidizing medium temperature. 2
i !
% This procedure was followed until the bed had expanded f
3 to the predetermined desired values. At some bed heights, @
3 - the fluidized bed became very unstable, displaying slugg-
%" ing tendencies; when this occurred the limits were meag- ;
f ured, and Lf possible, the upper limit of velocity for f
§ slugging was then exceeded and a steady bed obtained at
% the higher voidages. ;
i e
‘Z‘
j 6.12 RESULTS !
] 4
6.12.1 Particle Size }
i Where particles are not gphexrical, a consistent method
has to be found for determining the particle diameter or
% dimension to best fit the available empirical egquations.
| The gteel shot and polystyrene bead' were spherical but
P~ the plastic beads and sand were rectangular and irregular Z
: respectively. ?

The sand free-fall velocity in water was used to obtain
the average particle silze from the curves of Johnstone et
al and of Martin (F6), who used the mean projected area
of the particles plotted for sand. Based on a velo~ity
in water of 8.26 x 10“3 m/s, a size of d = 0,66 wm was
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i | obtained with CD = 1.47. This corregponded well with the
observed grading of approximately 80% through 22 mesh

: B.S8.3., which huas an aperture of 710}}m.

¢ The plastic beads had a water terminal velocity of 4.53
X 16*3 m/s which cofresponds to an eguivalent sphere of
d = 2.77 mm. If the boundary effect correction factor
(CW) of Francis and Ladenburg (F6) is applied, Cy = 1.08,
; and the free-fall velocity becomes 4.53 x lO“g x 1.08 =

s o S P AT

——
s

&

b . 4.90 x 10“3 m/s, this gilving an equivalent sphere d of ,
3,00 mm {with CD = 0,8l). This was the value used. i

f

i
;%r
Iy

i The data in Table 6.1 gives —rasonable agreement between ;
the visual indication of v . d the experimental pressure ﬁ
drop/terninal velocity indication (Figure 6.23). The i
terminal velocitles were calculated from the equatlon ﬁ

BN ST
Ve T 3Cp Cs

TABLE 6.l: Free-fall Velocity Data 3
Fluidiging medivwm: 1) air, 2) water

=

>

S pT———

Particles 0.8l mn $]L.50 mm @] 3.00 mm £ 1.24 mm $/0.66 mm ¢

steal steel plastic polystyr-| sand
beads ene

e

e o S e

\ Density, kg/m3| 7 724 | 7 724 1 071 1 024 2 615

Calcoculated 1
free-fall 1) 12.29 18.60 - 3.80 -

vslociﬁy, 2) 0,317 0.52 0.054 0.008 0.099
n/s

—

g | Experimental
1 free-fall 1) 12.27 18.2 not tested] slugging| slugglng ;

Z velccity, 2) 0.387 0.493 0,045 0,007 0.089
! w/s
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6.12.2 Pixed Beds

Generally, € will be lower if the particles are added to
the bed slowly and allowed to settle and i1f the particles
havz a smooth surface.

£

Looseet packing arrangements are
obtuined by adding particles to a column containing the

; ; fluidizing fluid, but the bed will settle with a result-
¢ ! ing increase in pressure drop.
i 1
} % Packed bed wvoldage values obtained during the tests are
5 % given in Table 6.2. ?
k) J{
% TABLE 6.2: Packed Bed Voidages :
i
? : : |
i ' ©od, mm Alx Water i
; 0.81 (steel) 0.34, 0.37, 0.43, 0.44,] 0.43, 0.44 i
i ; 0.41 ;
i 1,50 {steel) 0,36 0.43, 0.44 3
% 0.66 (sand) 0.42 0.48, ©.51 !
! A 3,00 (equivalent) Not tested 0.43, 0.47,
% i (plastic beads) 0.49
1 ! 1.24 (polystyrene beads)] 0.44 0,46 !
: ; Generally, the voldages are higher for the water beds, due :
; f probanbly to the smaller buoyant mass of the particles. The
- % polystyrene beads, which were the lightest of the materials : %
T 1 tested, showed little variation. By taking the bed pressure }
) i drop over successive intervals, as shown in Figure 6.10, §
; 3 the constant 2 C in eguation (6.2) could be evaluated at |
( ' different points in the oversll bed. {

:

g Figure 6.11 shows 2 C plotted against the superficial tube

; velocity v, for a fiixed bed. Two particle diameters, nanely,

i

§ ¥

; §
i

N JAMVW%'?
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1.5 mm and 0.8l mm, were used. For the larger particles,

the lower region of the bed had a lower 2 C wvalue, whereas
for the smaller particles, the 2 C value was higher. 1In
other words, the bed packing is not uniform and the press-

i ' ure drop is not necessarily proportional to the bed height.
4 .

; ‘ However, the overall bed pressure drop gives a value of
; : 2 C = 976 which relates well to the Bureau of Mines results
(¥6) .

The bed packing density seemed to be falrly uniform, as

shown in the Figure 6,12 results of bed height vs bed mass.
. The steel shot packing tended to be denser in the alr beds.
; (The bed mass was measured in air.]
: ears for the sand sample.

T St RIS S o w1

5 i s T

A similar trend app~

e e D

If the bed is restrained (ie, by placing a mesh screen
: : over the bed) and the velocity is slowly increased, the

PRop

: y overall bed pressure drop curve displays two distinct lines
: intersecting at Vg ! the minimom fluidization velocity (Fig-
] - ure 6.13). Theovetically the curve above Ve Should be a

l parabola since AP is proportional to veloci .. sguared.

s

|
|
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e o .

z i “ FIGURE 6,10: Pressure drop nomenclature
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6.12.3 Slugging

Ag mentioned above slugging occurs mainly in gas-solid
systems. This was confirmed by observatiocas in this
series of tests. ' '

Pigure 6.14 is the typical pressure drop curve for a
slugging bed at various points within the bed. The press-
ure peaks indicate the slugging region and it would app-
ear that curve 2, corresponding to pressure tapping 2 at
38 mm above the screen, is where slugging starts. The
pressure surge seems to be damped as it travels to the
surface indicating that external pressure tapping points
will probably not detect a slugging bed, and that a vis-
ual verification is necessary. This point is important
when considering mill operation. As the bed expands and
slugyging starts, the frequency of slug or bubble forma-
tion increases to a point and then decreases as the bubb-
les become larger. Figure 6.15 shows this peak frequency
plotted as a function of air velocity ratio. This was
for one particular size of particle. The static bed
height also appears to be a function of peak fregquency,
as shown in Figure 6.16. In fact, the peak freguency is
inversely proportional to the static bed height. For
this experiment 1.50 and 0.81 mm ¥ steel shot was used.
The results may be expressed in the equation

1/L = 2.4 x 1074 ¥ - 0.02

As the bed height is increased it appears that the fre-
quency will remain at a maximun value of about 100, indi~-
cating a bad slugging region since with the lower frequency
the slugs tend to be larger. The fluidizing tube diameter
was not altered in those tests and if the results of Agar-
wal and Storrow (F6) are indicative for steel, the incip=-
ilent velocity for slugging should increase slicghtly with
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i Slugging Region Bed mass egquivalent
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tube diameler. For increasing bed height, the inciplent

velocity decreased.

6.12.4 Minimum Fluidization

Table 6.3 gives comparisans of the minimum fluidization
velocity derived from the eqguations discussed in Section
6.6. It will be noticed from the table that with the
available air results, the most reliable equations appeaxr
to be those of Leva (6.2), and of Bourgeois and Grenier
(6.9). The Miller-Logwinuk equation (6.8) gives high we-
sults for air fluidization.

The figures for water fluildization show good agreement
belween the Leva (6.2) and Bourgeoig-Greniler (6.9) egua~

tions and the experimental results.

TABLE 6.3: Minimum Fluldization Velocity Data

Fluidizing mediwn : 1) aix, 2) water
Velocities in m/s are shown.

sk g

Thoese resulis| Leva MilTexr- Bourgeois—
d (Bgn. 6.2)|Logwinuk |Grenier
(Bgn. 6.8) ] (Egn, 6.9)
0.8L xm g 1)] L.O06 0.936 _ |1.418 _  10.826 _,
steel 2)] 2.96x10 - 2.,15%10 4.51%x10 2.33x10 °
L.24 mm ¢ ,
polystyrene 1)|{0.610 0.482 0.540 0.244
1.50 mm 4 1)} 1.402-1.738 | 1.628 3.326  _,|l.427
steel 2)| 5.09x10"2 3.29%107% | 1.534x%107 | 4.48%10™2
5.70%107%
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| 6.12.5 Expanded Bed (Liguid-Solid)
? Hawks Lley-Vand and Brinkiman BEquations (Equations
6.10 and 6.11) (Figures 6.17 and 6.20)
;‘ Although the experimental values of Re were above the lam-
¥ inar region, the test points were plotted ag though these
. equations held. The air-solid results plotted in Figure
{ 6.20 tend to fal. closer to the Brinkman eguation vwhereas
‘ for liquid-solids the results are more in line with the
{ Hawksley-Vand equation. What the curves definitely show ' g
ﬁ is that the voidage is not a linear function of superfic-
J ial (tube) velocity.
% Using equation (6.12) gives the slopes for various mater-
E ials tested in Table 6.4. Figure 6.18 shows the plotted
i test results. (Fcr reference, refer also to Figure 6.6.)
3 TABLE 6.4: Dxpanded Bed Results (from Figure 6.18)
|
: § MATERIAL Re SLOPE £ |
“ ; sand 0-16.5 | ~1.11 | 0.48-0.67 /
g 16.5 up| =0.445] 0.67 up %
| bPolystyrene beads 0=1.25 ~2.05 0.46~0.608 J
§ 1.25 up| =-0.63 | 0.608 up |
| Steel shot 1.5 mm % | 70-200 | =~0.657| 0.434-0.,63 i
, . ‘ ‘ L
Steel shot 0.8L mm g | 25-120 =0.719| 0.43-0.65 [
{ Plastic beads 18-70 ~0.60 | 0.53-0.73 :
: 70 up 0,21 0.76 up
, ‘ " |
}
( The curves of Figure 6.18 show a definite slope change |
i oceurring in the region of (1%‘5;)/83 = 0.65 upwards I
(&= 0.74). It is interesting to note that the sand and 3
polystyrene curves with the lowest Re gave higher nega-
!
!
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tive slopes. The results are therefore strongly £low re-~
gime dependent. The laminar flow range was assumed in
the derivation of the eguation, and turbulent and transi-
tion range results will therefore be of doubtful value.

Richardson—~Zaki Bquation (Equation 6.14) (Pigure 6.19)

Generally, the test results, as shown in Table 6.5, were
in line with the Richardson~Zaki correlaticns in that
the same trend was apparent (high m in laminar and low m
ih turbulent flow). The high laminar value obtained in
these tests is illustrated only by the £first test point
for polystyrene beads, and if this is ignored and the
upper part of the curve counsidered, a slope of 4.33
emerges, which is more in line with other data.

It ig interesting to note the trend in Table 6.6 showing
FPigure 6.18 curve slopes against particles diameter.

TABLE 6.6: Experiuwental Slope and Particle Size Compari-

501

5,14 0.66
3.38 0.8l
4.33 1.24
3.02 1.5C
2,41 3.00

It would appear that particle size has a larger influence
on the d/D, ratioc of the Richardson-Zaki eguation.

In conclusion it may be stated that the Richardson~-7zki
correlations give a reasonsbly reliable result throughout
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the f£low regimes approaching E= 1. The curves may also
be usefully used to establish particle terminal veloocity

by extending the line to £= 1 in Figure 6.18.

6.12.6 Expanded Bed (Splid-Air)

The Hawksley-Vand and Brinkman eguations for solid-air

results are plotted in FPigure 6.20. It is c¢lear that

no definite relationship can be egtablished (besides

which the equations are for laminar flow). The gap bet-

ween & = 0.55 and £ = 0.75 occurred because of slugging
in that rarge.

If the same plot as Figure 6.18 Llg used for the same sol-
ids, much flatter curves result (Figure 6.21). The val-
ues of m obtained are shown in Table 6.7.

TABLE 6.7: Experimental Results Ffrom FPigure 6.21

d, mm M

0.66 | =~0.45
0.81 -0, 48
1,24 -0.52 to =0.53

Figure 5.22 shows the expansion curves for a uniformly

expanding bed with no slugging. Where the curves inter-

sect the bed mass pressure equivalent is the particle
terminal velocity.

6.13 CONCLUSIONS

The fluild bed tests were conducted mainly to become fam-
iliar with the parameters and phenomena associated with
fluidization, with the aim »f applying this knowledge to
the principles of operation of an air-gwept mill.
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The results obtainec agreed reasonably well with exist-

ing data, although in some instances the values of such
3 parameters as tube diameter and particle size and shape
5 were not ldentical. The results obtained by the use of
a correlation eguation will show greater or lesser scati-

v er depending on which shape factor is applied. The slugg-
i ing phenomenon was observed to be more prevalent in gas-
f _ solid systems which is normal.

= S g e B i

The relationship of slugging freguency to velocity ratio
has not been noted in the literature. i

Although an actual mill is characterised by a continual
addition to and withdrawal from the £luid bed, and the
velocity ig much higher, certain principles and para-

“ meters can be utilised to describe and optimise the oper-
ation of the fluid bed, especlially directly above *he
throat. Considering the results in this light, the most
useful eguation for gas-golid systems appears to be egua-
tion (6.12). However, the possibility of slugging occ-
urring in a mill has not been ruled out although the pre-
ssure indications from typical operating conditions do
not suggest that this phenomenon occurs. Localised slug-
ging above the throat in the high voidage area would not

it 2 B, e e LT

i be observed by pressure fiuctuations at the mill outlet
due to the damping action within the main body of the
mill,
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! CHAPTER 7 &
INDUSTRIAL TESTS 1
7.0  INTRODUCTTION f
4 Industrial tests were carried out at two power stations, ?
? namely Arnot and Camden. Due to the fact that these ;
ﬁ tests were conducted whilst the plants were being com- f
% missioned and adjusted, some results could not be 1
% confirmed by a second series of tests and therefore 1
I | the results must be seen more as a trend rather than ;
i i
i specific figures for these mills and plants. Simi- i
é - larly, some tests had to be abandoned due to further %
Ji
: unavallability of plant for testing.
£
i
i This chapter is divided into two sections, dealing with
i the Arnot and the Camden tests, respectively. %
7.1 ARNOT TESTS i
; 7.1.1  Introduction 5
|
: The Loesche LM 18 pressure mills (Figure 7.1) are
installed at Arnot Power Station in the Bastern Transvaal. ’
= The design throughput is 35.5 t/h of 25 mm feed coal of l
' approximately 8% total moisture, grinding to 95-96% ‘
minus 100 mesh. Each mill supplies eight burners, all
{ being on the same horirontal level.
1
)
, ]
|
}

NI Ly i S
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7.3.2 Principle of Operation

A variable speed, totally enclosed table feeder, with
fiwed radial arm for sweeping coal off the table, feeds
The am is manually adjustable to

coal to the mill.
The two

give optimum response to the feeder signal.
free~running hydraulically und pneumatically loaded xrolls
grind the coal. Stationary vane-type louvre throats
around the edge of the table discharge the hot P.A. into
the mill to sweep up the coal spillage into the body

of the mill. Some oversize particles will fall back

on to the grinding table in the lower velocity area of
the grinding chamber, whilst the rest of the oversize is

conveyed into the static multi-vane separator.

Here oversize is centrifugsd out of the main air/pulver-
ised fuel stream and gravity discharged through flaps

at the bottom of the separator on to the table for
regrinding. The vanes are manually adjustable.
alr/pulverised fuel stream of the regquired fineness leaves
the mill via a single exit pipe which then splits into

The

elght individual pipes, one to each burner.

7.1.3 Tesgting Progranmme

Together with the Lwoesche mills at the Grootvliel Power
Station, the mills at Arnot were the first Loesche mills
to operate in South Africa. Numerous design problens
ware encountered which were aggravated by the poor
guality of coal being ground. The Continental approach
to rejection of material from a mill is that usually
only tramp iron, ete., comes through with the cocal, and
thus is not of a large enough guantity to affect overall
design. Therefore, when coal high in reject material
was used in the South African power station, these mills

did -not perform satisfactorily.

A
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The problems relevant to this investigation were:

~ Velocities were too low in the louvre, resulting in
high rejection rates.

-~ High wear rateg resulted from increased velocities

used to cut down raejects. 1%

=  The finenesgs of the pulverised fuel was poocr.

-~ The feed coal was highly abrasive and not to size ?
|

speclfication.

A programme was therefore initiated to examine mill per-
formance, using the informetion gained f£from the mill
model studies, and to confirm certain visual wear effects
apparent in the mill body.

The areas to be investligated were:

Louvre throat design

Temperature gradient

Voidage

Separator performance

Roll pressure and speed

Coal properties in relation to wear

7.1.4 IThroat Design

{ The original louvre was designed for a certain alr/fuel
ratio at a maximum rated output, but at this ratio the
rejection rate was extremely high, Coupled with this

was the inadeguate size of the redject boxes {(for the rea-
sons stated above), so that under pressure this reject
material was being blown all over the mill basement,

This resulted in reject box fires and mill shutdowns.

e <
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FIGURE 7.1: IM18 mill widergoing works testing

7.1.4.1 Throat Pregsure Drop

The pressure drop through the mill is measured at press-
ure tapping points at the mill inlet before the throat,
and at the mill outlet after the separator. As is shown
by the figures in Table 7.1, the throat pressure drop is
a large proportion of the total mill diff for air only.

Sanoy = P <229 pyresbeit
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TABLE 7.1: Clean air pressure drops

P.A. pressure | Pressuve at tapping Mill outlet
(mill inlet), above threat, pressure
mm WG mm WG mm WG
896 343 38
213 76 65

For practical considerations, it is allowable to assume

that the throat pressure drop due to air only is equal

to the mill diff without introducing significant errors.

Pressiure Drop

The loss at the throat is caused by the entrance and exit

losses:

ZXPT =AP +/A\P

ent

exit

When calculating an entrance loss, the effect of the vena

contracta has to be considered, and this is expressed by

the ratio

wher: Ac is the area of the vena contracta, and Ami is
the n.ll inlet area before the throat.

The loss is therefore

2
Vv .
- mi L1
BPone = 55 (cg

1) =K

2
Vip

6 2g

Similarly the exit loss can be expressed as

&
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A

P2
AP L= (1= )
exit 29 Amb

o

where Amb = agrea of mill body into which throat discharges.

A,
Since L 4<i j
A, - ] i
rile! :
v2 H
~ L '
A Pexit™ 29

and the total pressure loss is therefore

W A T

V2 VZ
= L - N
s APTwzg(I‘(b--i-l)wK?zg

ERGRprEy R

where K7 is known as the 'throat K factor'. It is appar-
ent that the entrance loss 1s subject to greater variation
- . than the exit logs due to the inverse relationship (lﬁ - 1),

and thig was verified by the Arnot test results. Ce

et g g ARG A, S TR ot e et S e

; 7.1.4.2 Experimantal Approach 4

By measuring the P.A. diff and mill diff for varicus flows
of air (without coal) through the mill, a straight line

relationship results. (The temperature should be constant
throughout the mill for such a test.) Since the P.A. ven-

AT e

turi had already been calibrated by a pitot search across 4
the duct, the mass air flow rate could be calculated from : i

)
)

ol e Yl

APP?
: v =K, | B
8 FP.A.

so that

i‘ M= KQ,/A’PP.A. E‘P‘A.

Knowing the throat area, the throat velocity could be cal-

e 3
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For

culated since K had been determined experimentally.

each type of louvre, the P.A. diff - mill diff cuxrves

were plotted (Figure 7.2). As would be expected, the aero-

foil louvre had the lowest resistance since it had the

lowest wvelocity, but when the K factor was taken note cof
{(see following section), it had a higher resistance than
the vertical louvre with rounded inlet edges. (The var-

ious shapes of louvres are shown in Figs 7.3 to 7.5.)

The effect of rounding the throat inlet edges can be
ciearly seen by the drop in the value of the K factor.
For a discharge restricted by means of a 65° conical
armour ring with the 48 mm throat vertical louvre round-
ed inlet edges, the value of K = 1.71. Tha® is, the K
factor has increased from 1.10 to 1.71 by diverting the

outlet flow inwards.

When the bypass cone was installed on the 48 mm vertical

louvre with rounded inlet edges, the K factor dropped to

1.37 (Figure 7.5). This cone does not hinder the throat

expansion to the same extent as the 65° cone, hence the

lower pressure drop. A chamfered plate welded into the

vertical square-edged louvre gave an indication of the

benefit of rounded edges (K = 1.94 in Figure 7.5).

It can therefore be stated from the foregoing results
that the inlet configuration and geometry determines the
K factor of the throat, and for optimum results, ie, low-
est pressure drop, a low K factor should be designed into

the louvre. A well-rounded entrance and minimum exit

restriction should be provided.

The Loesche original louvre had an aerofoll section as
shown in cross-section in Figure 7.6. The fact that the

smallest area is at the section 1 - 1 means that material
falling off the table was being fluidized well inside the
louwvre, so resulting in high wear in this area. The vanes
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32 Ports

View on A-A!
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also imparted a swirl component to the rising flow, caus~
ing scouring in the mill body. The idea of slanting the
aerofoil vanes at 45° was that coal particles thrown for=
cibly in a downwards direction from the table would have
their momentum broken by i.apact on the vanes, which would

result in a lower pressure drop.

The first tests were aimed at increasing louvra velocity
by blanking a nuuber of ports, since narrowing the louvre
would have restricted the fall of reject lumps into the
reject boxes. However, the actual effect was to build up
material on the blanked ports, but with no resulting
fineness increase. Wear was still hicgh. t was then
thought that the high velocities at the throat were res-
ponsible for large particles being flung up into the sep-
arator area where they were entrained. To prevent this
happening, the armour ring configuration was slightly
changed. °

The original armour ring with an angle to the vertical

of approximately 10° appeared as shown in Figure 7.7.

A mild steel cone was then rolled and installed above the
louvre to give a larger diversion to the air stream. The
angle was nowCX = 650, which corresponded to the slice
model configuration (Figures 7.8 and 7,11). This ensured
that the air/coal stream would be deflected over the table,
thus affording an opportunity for the larger particles to
fall out in the low wvelocity region above the table. This
modification was successful in improving performance and
cutting down wear on the mill sides.

Next, a series of variations to the inclined vane type
louvre were tested, amongst them being the setting of the
parallel vanes at 450, but these modifications were unsuce-
essful insofar as fineness and throughput did not improve.

L




et e

FIGURE 7.6: Original louvre throat configuration.
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FIGURE 7.8: Modified armour ring
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The next step was the installation of the vertical louvre
shown in Figure 7.3, the vanes consisting of vertical mild
steel plates. By using this type of ibuvre, the width had
to be significantly reduced (the smallest gap tested being
48 mm) to keep the throat velocity high enough to minimise
rejects since there was now no swirl component. A shaxp
entry edge gave a K factor of 2.C1l, but by rounding this
edge, this factor was brought down to 1.10, ie, lower than
for the aerofoil. The addition of a mild steel 65° cone
also increased the K factor to 1.71. Generally speaking,
the fineness value improved, although a wider throat with
gome blanking had to be installed to prevent reject mat-
erial lodging in the ports (a legacy of oversize feed coal).

The final configuration was termed the 'byposs cone' and
appeared asg shown in Figure 7.9 in elevation, the vertical
louvre being still used.

This configuration allowed part of the P.A. to bypass the
table spillage area and so sweep the sides of the mill
body, thus preventing erosion, This cone was now at the
same angle, ie, 650, as the armour ring and it was supp-
ported on lugs welded to the louvre vanes to provide a
gap large enough for rejects o pass through.

Unfortunately, the coal sizing was very irregular and fre-
quent blockages occurred. However, some tests showed an
improvement in f£ineness and wear. The onload calibration
curve was not altered, with the result that at lower loads,
the mill rejected heavily, but this problem could easily
have been solved if the previously derived curve results
had been implemented on all the mills (which was not a
feasible proposition at this stage).

It is worth noting that this prir-iple was copied by ESCOM
and applied to the Loesche Mills at Grootvlei Power Station,
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using the originzl aerofoil type louvre. Prior to this

change there had been extremely severe wear oOn the mill
our ring and louvres, although the coal was

body  arm
lativelv low in abrasiveness when compared

considered re

to that used at Arnot.
on all Boiler 5 mills at Grootvlei with very good results.

Wear has been reported to be drastically cut, and main-

These bypass cones were installed

tenance reduced.

7,1.5 Comment on Full Scale Throat Tests

With reference to the slice model tests, it will be noted
that the same principle was applied there, namely, diver-
ting the air stream inwards so as to minimise the Coanda

effect., This modification therefore came about as a re-
sult of studying visual effects by pitot traversing the

flow, and of studying various arrangements in a slice

nodel.

As explained previously, the throat bed voidage should be

low. The bypass cone achieves this because of the relat-
ively small throat area in the pick-up zone. It was noted
during tests with this configuration that the reject mat-
erial fregquently contained a much larger percentage of
small high density particles, +his being possible because
of the favourable size and density features at lower
voldage. As far as operational pressure drop is concerned,

this effect can he considered undex two aspects:

1) 8ince the vertical throat should be clear of particles
other than those falling into the reject box, the
pressure drops over the zones 1 and 2 should be the

same {(see Figure 7.10):

- s
APT —-nc,)T:’l -AP2

L e . 4 S %Em:&.&&

a

s

g e e i g e b A,

A Pt e S s i Sy g




T oL saal e T el s,
BT e B it
4
" " - 167 -

Ersa gt

Ap

o
M

et

FIGURE,?.lO: Bypass throat
SoFubhe /.40

et

i
4
3

e NI N

e

i
3 ",
! ;
) 1
i
3
= .
%

o e e i

: -+ EIGURE 7.11: The 65° mild steel Armour ring in position

i \‘_qlgm'mw&bx P B o




P s

~ 168 ~

_ 2
Now Z&Pl = Klo vl

. ~ '2 ” \'
and AP, =Ky vy + 10, (1 -8 g

2 . .2 _
| 10 Vi = Ky vy + L f; (1-E) ¢

Assuming Klo = Kll’

it fullows that v, > v, for £ L1,

2) As a result, the bypass alr velocity will ensure
that any large entrained particles will be knocked

back into the low wvelocity area above the table and
L the fineness wvalue should inprove.

T i R S

ol PRt

On the tests
conducted, an improvement in fineness was in fact
noted.

i et B T P

7.L.6 Mill Operational Temperature gradient

g AR

e i Y

Pressure tappings were drilled down the side of a mill
at the vertical positions shown in Figure 7,12 (a).

s

e e R

Stainless steel sheathed chrome-alumel thermocouples
were installed in these tappings, protruding approximate-

ly 130 mwm into the mill, and the outputs read on a poten-
tiometer connected via a junction box.

s e A R

The feed and air
flow rates were kept constant and the temperatures read

for three different roll pressures.

e R T TS

It was thought that
by adjusting roll pressure, the recirculating load would

increase, thereby giving a possible correlatic:.

,."*;;

e e

The temperature gradient is shown in Figure 7
| The roll pressure variation did not influence
i ; erature gradient profile.

(b).

o

Le temp- ;
It was also noted that the
tenperature dropped rapidly over a short distance at the

throat where the hot air entered the mill, thereby indi-
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cating that the bulk of the drying action was carried out

here.,

These results are in line with the curve shown in Figure
7.13, as obtained by Keysselitz (ML18) on a Babcock MPS
mill. Here the temperature drop was even more pronounced
since the feed to the mill must have had a high moisture
content. It may, therefore, be assumed that when design-
ing the grinding chamber, the temperature may be effect-
ively taken as the mill outlet temperature without intro-

ducing any appreciable error.

7.1.7 Mill Operational Voidage

The same pressure tappings as described in 7.1.6 were used
for this sewries of tests. Pitot-static probes were inser-
ted at varying distances ‘uio the mill and the static pre-
ssures read on a bank of manometers. In this way, the
pressure drop over a known length, and the voidage, could
be calculated on the basis of the equation:

AP=E’

sL(l«&)g R 2D

The results indicated a fairly uniform voidage increasing
up to the separator as would be expected (Figure 7.14).
The voidage at a point 450 mm above the throat was also
measured, A volidage value of 0.8 was obtained. It is
therefore apparent that the voidage changes markedly over
a very short rertical distance, and hence the pressure
dror over this short length constitutes 90 - 94% of the
on~load mill difef.

7.1.8 Establishing Recirculating Load

Since particles are swept from the table to the separator,
it follows that the recirculating load could be higher in
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E particular operating conditions. It is interesting from
; ) ) an operating and a design point of view to establish an
ﬁ : easy and gquick method of determining this recirculating
% load. Let T kyg/s be the total coal mass passing to the 4
i separator at veloclty v m/s. I
i [
i
! T :
Then voidage & = 1 = =57+~ . . .« . .« . . (7.2 i
§ Vv A ()S ;.:
i From Equation (7.1) ??
% i
3 1
I APmL@S (1-8&)g
S By inserting two static pressure tappings in the dust i
; streamAP can be measured and hence & determined, and |
| from (7.1), T can be determined. i
] The recirculating load Ry can then be calculated from :
] Ry = /Ty
i
; ypically, let A = 3 m"”,
! (OS = 1500 kg/m° :
f v = 8 m/s, and , %
{ mill output T; = 10 kg/s
| so for a voidage of 0.996,
i ‘ ]
: . T
4 0:996 = 1 = 541566 % 8 b
e 144 ka/s, B o= 144 L
FOZL T - 144 }\.g/S; RIJ = lo b l4a4‘ ;
|
By selecting two points between the separator and the %
mill body of approximately egual velocity, and at a szep- |
3 aration large enough to give a reasonable pressure drop, |
g
the recirculating load can thus be calculated as shown ‘
| |
%
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above. In the case of a whizzer type separator, this

method cannot be used since the flow paths are not as

clearly defined as with a static type separator.

7.1.9 Separator Velonity Traverse

After a few months' operation it became apparent by wvis-~
ual inspection of the mill interior that the wear on the
mill conical shell was high. The wear pattern suggested
a flow of particles sliding down the sides and being re-
entrained at the point where the cone met the cylindrical
shell. A pitot traverse on air only was therefore conduc-
ted utilising the points already drilled in the shell for
the temperature and voidage tests, and Figure 7.15 shows
a plot of lines of constant velocity. To the left is a
curve showing the area profile or alr path area between

the inner and outer cones.

On first inspection the area would appear to decrease con-
stantly, but in fact this particular design was incorrect
in that the actual area increases between the lower and
upper limits. (This point corresponds to the cramped vel-
ocity profiles in the central region of the crogs-section.)
The high velocity profile along the inside of the outer
cone also suggests the Coanda effect. It is thus likely
that this point was the source of the wear ag there might
have been recirculation of particles in the lower velocity
area, as well as particles sliding back from the upper
area of the separator into the high velocity Coanda pro-
files. Subsequent to the discovery of this incorrect

area profile, all future designs have been checked to
ensure that the velocity decreases uniformly from the
bottom to the top of the separator cone,

It is interesting to compare these profiles with the slice
model flows in Chapter 5 (Figure 5. 37), The high velocity
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area on the Lopulco Mills appears to be on the inner cone,
pechaps due to the dififerent angle of divergence from the
vertical of the mill body (30°, as opposed to 20° for the

Loesche design).

7.1.10 Separator Performance

The efficlency of a separator in giwving an acceptably
sized product depends on a number of parameters, these

being as follows:

- inlet vane velocity
- outlet velocity
- outlet sleeve height

= cone geomelry

In the Loesche separator the vanes are situated as shown

in Pigures 7.15 and 7.16. By assuming the velocity dir-

ection as parallel and horizontal to a vane, the paths of

all vane flows form a circle of radius r. Now the cent-

rifugal force on a particle travelling in direction Vig
ig proportional *o viz/r, g0 1t will be noted that the
greater the inclination of the vanes to the radius, the
higher becomes the velocity due to the smaller area bet~

This is shown in Pigure 7.17. For a lar-

ween the vanes.
Also plotted

ger inclination, ¥ will therefore increase.
ig the function V2/r which takes the form of a parabola
with a turning point at an inclination of approximately
34°.  (The velocity was taken as unity at zero inclina-

tion for ecase of representation.)

of 330, the vane
sleeve, an opera-

It will also be noted that at an angle
flow impinges directly onto the outlet
tional condition not very satisfactory from both a fine-

ness and wear point of view. Thus the favourable centri-

fugal function v2/r at angles lower than 33 must be dis-
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PIGURE 7.16: Flow pattern in vanes

carded unless a smaller outlet pipe diameter is used.
This in turn depends on outlet velocity and feed chute
size since the feed chute runs down the centre of the
mill. The vane geometry is therefore important in in-
fluencing the performance of a separator and hence the
separator should be sized to utilise the stoep vg/r
characteristic without undue loading of the mill with
oversize mate rial. .

The position of the outlet sleeve relative to the inlet
vanes will also influence particle fineness by virtue of
the downward velocity of a particle, as shown in Figure
7.15. Obviously, the lower the sleeve, the higher the
pressure drop, but also the finer the product, as shown
in Figure 7.18. EBecause of ease of operation, the vanes
are used to control fineness, with the sleeve being v ed
to give the fine adjustment perhaps necessary if too
high a pressure drop is to be avoided.
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7.1.11 Roll Speed

The rolls are rotated by the table, and as explained pre-
viougly, there is only one point on the roll face in pure
rolling contact with the table. Therefore, depending on

the roll pressure, this rolling point will change, result-
ing in a change in roll speed. Obwviously, the faster the
roll rotates (for a fixed table speed), the more grind-

ing will be accomplished, which results in a higher through-
put and possible improved fineness.

Since the roll pressure can easily be adjusted on load,
the roll speed was measured at four roll pressures for

a fixed mill throughput. Mill power consumption was also
noted. The roll speed was measured by counting the imp-
acts of a steel plate welded onto the rear of a roll on a
rod inserted through the roll cover., The results are shown
in Figure 7.19. The increased rolling friction resulted
in a substantial power increase and this must be weighed
against fineness and possible throughput improvement perx
kW absorbed. It appears that a roll pressure of 45 bar
gauge will give tha same relative speed, and therefore
grinding incresase, as power increase.

7.1.12 Ccal Characteristics in Relation to Wear

The one overriding factor in improving the performance of
the mills was to reduce maintenance costs whilst at the
same time maintaining acceptable throughput and fineness
using a run-of-mine unwashed coal that was outside abra-
sive specification limits. The standard abrasive tests
carried out on the coal by the laboratory were the Hard-
grove and Abrasive tests (these tests are outlined in the

Appendix) . It has long been argued whether in fact the

Abrasive Index has any real merit other than a local com-
parison of run-of-mill ccal. With this in mind, an inves-
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tigation into milling costs at five power stations which
used widely varying ceal guality and utilised a number of
types of mill was conducted.

Cost and coal figures for the milling plant were taken
for the eighteen month period from June 1972 to November
1973, WwWhen total running cost was plotted against Abra-
sive Index, it was possible to establish the relationship
shown in Figure 7.20. When cost was gplit into labour
and material (the latter being a function of wear), a
further relationship was also evident. Therefore, allow-
ing for inaccuracies in the Abrasive Index, as must occur
it was nevertheless shown that this Index is extremely
useful when correlated to the right parameters, and that
wear rates and thus costs caa be predicted to some degree
by noting Abrasive Index trends. Using a modified throat
ring which gave a higher mass of rejects, it was Ffound
that by increasing the mass of rejecots sevenfold, roll
wear was hoticeably reduced., In this case the main deb-
ris was pyrites and dolomite rock. Abrasive Indices as
high as 700 were recorded for the raw coal, compared to
the specification figure of 253, Furthermore, no direct
relationship between Abrasive Index and Hardgrove Index
nor bhetween Abrasive Index and free moisture content was
vident (Figure 7.21).

©

7.2 CAMDIEN TESTS

The mill model studies were based on the Lopulco mill
configuration, thegse mills being installed at Camden
Power Station. Unfortunately, by the time that the lab~
oratory studies were completed, the mills were fully op-
erational and further full scale tests on the scale env-
isaged were not possible. However, certain areas were
studied concurrent with the laboratory tests, these being:
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(i) sampling methods

(1i) coal labelling

and an analeis of results obtained on the mills by others
was also made.

FIGURE 7.22: Lopulco Mill assembled in works

7.2.1 Principle of Operation of Lopuleco LM 14/3P Mill
{(Figure 7.22)

Raw moist coal from the bunkers enters the rotating table
feeder which discharges the coal at a controlled rate by
neans of an adjustable sweeping arm down a central feed
chute into the mill., The rotating mill grinding table




i R

AR, 5 b

ghing

SN A g

RS SRS SO - A

- -~ e s BN e Suad e e - ‘\ . R LW L —W" o

-~ 183 -

throws the coal under spring-loaded free running rolls
set at an initial small clearance off the table. The
crushing action reduces the coal to a powder which spills
over the rim, or dam ring, of the grinding table.

Hot P.A. discharges from the rotsting annular throat
around the table and sweeps the pulverised fuel into the
body of the mill. Some oversize material falls back on
to the table, and further oversize is returned by the
centrifugal action of the rotating whizzer separator
blades mounted above the grinding chamber.

The pulverised fuel of reguired fineness is conveyed out
of the mill via one pipe and is split into individual '
pipes by means of splitter vanes., Bach mill supplies
four burners, all on the same horizontal level at the
furnace front wall. Reject material is discharged from
the mill through the annular throat and swept by ploughs,
attached to the rotating table, into two reject bins.

7.2.2 Sampling

7.2.2:.)1 Introduction

Mill performance is judged by the fineness of the pulver-
ised fuel at the rated mill load. If this finess drops,
then combustion problems as well as boiler losses are en-
countered. To enable the forty mills at Camden to be
operated at optimum conditions, and to check this, reg-
uired a great deal of time for sampling p.f. What was
therefore needed was a gulck and reli~l 2z p.f. sampling
method, The best possible method woiiid be continuous
sampling at a number of points sinultaneously, using iso-
kinetic sampling. It had earlier been established by
others that by setting the withdrawal rate at the aver-
ége velocity as calculated from the total air flow, a
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] sample within experimental accuracy limits was cbtained.

% Stratification within the p.f. pipes was likely to cause

: % ‘ greater errors than that involved in not knowing the exact
;§ % isokinetic withdrawal velocity; thus a continuous sampler
? i should be more accurate and gimpler to operate.

-
et e e

7.2.2.2 Rotating Arm Sanplex .

S WP i

e

The first type of sampler used was of a rotating arm type,
with 10 sampling nozzles inserted through the 100 mm dia-
meter pipe pocket above the riffle boxes. The arm was
swivelled around by means of a pulley arrangement operated
; by hand from outside the pipe (Figure 7.23). The isokin- ,;
i etic sampler was connected to this probe and a sample %
drawn through the 10 nozzles simultaneously whilst rotat- {
ing the arm through a 360° arc within the pipe. i
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| The main drawback with this system was the difficulty of
' : inserting the probe into the pressurised line when the

; mill was operating. The probe had also to be accurately
positioned, otherwise the arm fouled the pipe side. P.EL. |
also tended to clog the rotating parts although special
sools were provided to prevent this from happening. An

I AR e

air seal was tested without success, and the best method
appears to be the pressurised box design developed by the
Cv\EnGnB‘, (SnOWSill; Plg) »
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In the face of these drawbacks, it was decided that a per-
manently installed probe would serve much better and the

¥
O

rotating arm sampler was not further used,

i e .

7.2.2.3 gliding Arm Sampler

The next sampler was tested as a permanent installation
on a mill (Figure 7.24). The probe was installed in the
rectangular mill outlet, and consisted of a pipe with 10
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nozzles which could be directed into the p.f. stream, this

pipe being in turn connected to a sliding pipe so that the
nozzles would traverse the complete mill outlet area. When
not in use,; the nozzles were swung downwards out of the
p.f. flow., Again the probe was connected to the isokine~
tic sampler and the average withdrawal velocity used. Two
tests were plotted on a Rogin-Rammler graph to glive an
indication of the sawuple distribution (Figure 7.25). The
distribution is as good, 1f not slightly better than, the

standard sampling results.

This method was thus more satisfactory from an operational
point of view, but would involve fitting probes to every
mill as a permanent feature. Difficulty with the station
air supply, necessary for operating the sampler, prevented
further comparative tests at this stage.

7.2.3 Coal Labelling

Isotopes and radicactive elements have been used extensive-
ly in industry to trace flow paths and measure trace pro-
ducts with great accuracy and ease of detection. It was
decided to test the Camden coal for its response to radio-
active bombardment and then use it as a tracer to measure
retention times in the mill. A sample of coal was there-
fore activated at the Atomic Energy Commission at Pelin-
daba, and counts were taken over a number of days. From
these, the half-lives of various elements were clearly
evident when plotted on a semi-log scale of time vs log~
arithm of counts for various electron-volt values (Figure
7.26).

Elements possibly present and indicated hy half-lives
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enf? - 13 h (L.34 Mev)

T

as’? or as’® - 27 n (0.58, 1.2, 1.76, 2.02 MeV)

Na%® - 15 n (2.76 MeV)

T™he conclusion reached from this test was that the coal
would make a good tracer if used immediately. Counters
set up at the feed inlet and p.f./air exit would pick up
at least some of the counts when the coal passed, and

this intensity would indicate the amount passing through
the mill on a time basis. Unfortunately, the tests could
not be carried further due to the expense and non-availab-
ility of equipment necaessary for on-site tests at that

time.

f It is interesting to note that irradiation technigues were
) - used by Gardner and Auvstion (G1l7a) in studying batch grind-
ing. Whilet irradiation had a negligible effect on the
grinding properties of the three coals studied, selective
grinding did take plage due to the impurities in the coal,
and any tests would have had to allow for this inconsist~
ency in evaluating grinding results of irxradiated feed.
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7.2.4 Interpreting Mill Results

&

7 When testing a mill, there are numerous dependent and inde-
pendent variables to be considered in order to optimise

= oparation for maximum fineness and throughout with minimum

power congumption and reject losses.

The independent variables are:

=  Alr/fuel ratio

-  Dam ring height

-~ Number and width of whizzer blades
-~  Whizzer spead

-  Spring tersion (roll pressure)
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~  Louvre throat gap
~  Load

The dependent variables are:
L

-~ Mill differential pressure

- Product fineness ‘
-  Power consumption

~  Reject guantity and guality

With so many variables, 1t is not easy to extract trends
and cptimum operating points. Numerous graphs have to be
drawn and interrelated effects are always present. An
alternative now system of presenting data was therefore
sought which would isolate the most important mil?l para-
mater, namely product fineness, to serve as an indicator
of the optimum points of all other operating parameters.
For this purpose the uniformity coefficient 7V was used,
as well as the average particle size, as determined by

the equation

The present, system of setting up & mill for optimum con=-
ditions hinges arcund the interpretation of the sample
sieve analysis cbtained under specific conditions. As
has been noted, the uniformity coefficient 7V is the slope
value of the line on the Rosin~Rammler plot, and is an
indicator of the spread of the size distribution. Conb-
ined with average particle size, these two figures will
indicate definite trends in the variations of the opexa-
ting conditions.

Graphs El to RB1ll are presented in the Appendix along these
lines using results obtained by others on the Camden Mills.

The full report on this investigation is given in M15.
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7.3 CONCLUSIONS FROM INDUSTRIAL TEST'S

(i) A series of tests to optimise louvre throat con-
figuration ewphasised the importance of this part
of the mill on overall performance. A new concept
in design was successfully tested and installed
{at Grootvlei) as a permanent modification, this
being the bypass cone configuration.

(id) To reduce wear, the air/coal mizgture must be div-
erted towards the centre of the nill by the throat
configuration. This allows oversize particles to
drop back on to the table.

(iid) The entrance configuration of the throats tested
was most important in achieving a low K factor, ie,
pressure drop. Well rounded edges and low plenum
velocity (approach velccity) are desirable.

(iv) The temperature gradient within the mill is very
steep directly above the throat, and the mill boedy
temperature can be taken as the outlet temperature.

(v) Voidage within the mill plenum and geparator was
high, and the pressure drop through the mill can
therefore be taken as being due to the fluidized
bed immediately above the thir =at.

(vi) The velocity distribution in the separator led to
high wear due to recirculation. The design of the
flow area was faulty, and this should be checked
in fluture applications.

(vii) The geometry of the geparator vanes in relation
to the outlet pipe will determine to a large ex-
tent the separator efficiency by imparting centri-
fugal force without undue pressure drop. Impinge-
ment onto the central pipe was a possibility with-
in the normal operating limits of vane settings.
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(viii) Sleeve adjustment on the separator outlet pipe can

beneficially influence performance.

(i) The method of plotting wniformity coefficient NV
and average particle size derived from WVslmpli-
fies the interpretation of the varlous wmilling
parameters.

The possibility of using permanent type multi-
nozzle samplers should be investigated furthex
with & view to theix “eing corporated as a bullt-
system.

(22}

in feature in the m.

Irradiated coal can be used as a tracer in zny
residence time tests provided that the coal is
used immediately, since tracer element half~lives

(x4)

are relatively short,

Model tests proved beneficial in showing possible

(xid)
solutions to prototype problems and in the Arnot

tests model solutions were able to be put to prac-
tical use.

(viii) The Abrasive Index provides a useful trend when
eztablishing relative mailntenance costs.
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CHAPTER

DL1SCUSSTON OF DESIGN CONSIDERATIONS

8.0 INTRODUCTION

From the present study it has been noted that certain
areas of importance on mills can be improved by detailed
sthdy, using both models and prototype testing. Of part-
icular note have been throat design and separator perie
ormance, since the throat dictates the pick-up zone effi-
ciency, and the separator allows correctly sized particles
to leave the mill. Inherent in these two features is the
wear within the mill and the rejection of non-combustible
naterial to oukside the grinding zone. Thercfore, this
chapter will briefly survey possible avenues of develop-
ment of milling plant, bearing in nind some of the prob-
lems encountered here, and also the fact that this type
of development reguires time and extensive capital expen-

ditura.

8.1 FUTURE DESTGN CONSIDERATIONS

The following appraisal of future trends is applicable
more to the vertical spindle type mill, although it is
realised that the problems facing the tube mill designer
are, in some cases, similar. Due, however, to the in-
creased popularity of the vertical gpindle mill, and
indeed its suitability to many industrial applications
formerly fulfilled by tube mills, the present and future
development of this type mill is considered of prime
importance, and it is in this fileld that the application
of new ideas and methods will prove most fruitful.

.
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What the mill manufacturer aims for is the lowest power
consumpticn per tonne of product ground, coupled with
efficient operation, low maintenance, and obviously a

conmpetitive selling price.

One of the largest vertical spindle mills with which the
author's company was associated was installed in Japan
in a cement works, where it grinds raw cement meal at
the rate of 210 t/h to a fineness of 10% residue on S0

This is a Ffour-~roller type Loesche LM32 mill driven

Jhr.
Figure

by a 1500 kW motor through a reduction gearbox.
8.1 shows the mill and Figure 8.2 the gize of the gear-
box. The rolls are hydraulically loaded with the spring
effect provided by nitrogen filled accumulators in the

hydraulic circuit.

There are mills in operation with higher capacities than
this but it must be remembered that capacity is governed
by the type of material (Hardgrove Number) and the fine-
ness of the final product, and on this basis 1t is felt
that 300 -~ 350 t/h i1s probably the biggest capacity the
present design of mill is capakl~ of being extended to.
without radical changes or new :. o .ga concepts,

The trend of growth in “»e milling industry favours single

units with high availa =~ .ity for the following reasons:

Liower capital cogt of milling plant.

Lower capital cost of auxiliaries, such as ducting,

hoppers and instrumentation.

- Probable reduced maintenance costs and spares holdings.
The disadvantages are that, for example, in a cement
plant the whole operation depends on the availability of
the mill and a mill shut~down of any duration would mean
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However, this fear seems unfound-

shutting the kiln down.
Accepting,

ed if current Continental practice is accepted.
thén, that the milling units are going to be considerably
larger in the not-too-distant future, some thoughts ave
now proposed as to how the design problems are to be tack-

led.

g.1.1 Mill Drive

The normal drive arrvangement of the vertical spindle mill
is a horizental input into a reduction gearbox through a
9 kW/t power

Bibby or similar type coupling. Assuming 8 - 9

consumption on average, for, say, cement raw meal, the
350 -~ 300 t/h mills would reguired large motors of 3 200
to 4 500 kW, driving through egually large yearboxes,
The following are the alternative solulions:

The development of a linear induction type motox
around the mill table agsembly. This would be bulky,
and subject to tremendously stringent safety precau-
The hot gas tenperatures reach SOOOC, and

1)

tions.
this temperature might be imposed on the windings
‘and insulation. A sturdy supporting base would still
be required to take the roll thrust, and Litting the
drive unit under the mill would be extremely difficult.

The high cost of the 90° reduction drive is mainly
attributable to the input pinion and bevel gears.
gstart has been made to altering this arrangement by
using an in-line gearbox drive on a large Loesche
The motor is mounted vertically under the gear~

A

mill.
box, as shown schematically in Figure 8.3.

Driving the rolls and not the table., This method has

already been studied - but not very thoroughly -~ and
Accepting tha® the

2)

praesents distinct possibilities.
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larger mills will have four or even six rolls, the

mill motor rating could be split into four or six *
smaller drive units, each driving a roll through an
To obtain the lowest speed -

§ extended roll shaft.
in the region of 50 w/min ~ radial hydraulic motors

could be fitted on to the roll shaft and each motor
coupled to either a central pumping set or to indiv-
idual sets. The systenm would have the added advant=- ]

age in that an optimun table speed could be selected
A disadvantage would

N R A i e

S
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for any operational condition.
be the lower motor efficiencies and resultant hidher

AT

S A

power consumptions.
Ji
i

For supporting the table thrust, a base mounted under
the mill would house a pad-type thrust bearing as on |
pregsent installations with locating bearings, and the ﬂ
huge and expensive gearbox would not be reqguired. *
maintenance and availlability point of view, f

¥ Prom a
this arrangement would be most favourable.

e S —

As to the feasgibility of the drive arrangement, as
i ' mentioned previously, the problem has been studied
i | on a small mill in the USSR with promising results.
« As soon as a thin laver of material has formed on the -
table the rolls will start to drive the table, and f‘
the same ygrinding action can be expected except that i
‘the bed will probably be thinner due to the roll b
action biting into the material laver on the table ;
~ this action is more satisfactory in that it is an /

gstablished fact that the mosgt efficient grinding is
Lower wear rates were

I g

o ey
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accomplished on a thin bed.
also experienced in the USSR tests.
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Mill
JAS—

Gearbox

Motor

New Drive Arrangement for a Roller Mill

8.1.2 Mill Size

The principle of operation of the fluid flow aspect of
the mill is simply that air entering the mill through
the annular throat around the table entrains material
spilled off the table, and conveys it to a separator.
At the same time, the velocity of air within the main
body, or plenum, of the mill must be low enough to allow
oversize particles entrained by the high velocity throat
alr to fall back on to the table for further grinding -
which necessitates a large mill volume above the table.
Therefore, to keep the mill size within reasonable lim-
its, and accepting the fact that the table must be large

enough, for, say, four or six rolls, the velocity of the

air above the table must be increased. This will mean

entraining more oversize particles to the separator or,
alternatively, re~designing the throat and dam ring to
operate more effectively -~ ie, by allowing for mechani-
cal impingement of oversize particles back on to the
table or by sqgueezing ground fine material through slots
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