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STMMARY

Based upon the existence of drafting resistance formed by the material-
clinker itself and the ratio of the amount of gas passing thru a shaft
kiln to the amcunt of eir leaking from the material tlocked tube is
equal to the square of the diameter ratio of the two, thru experimen~
tal research the author has designed a blocked discharger with a
small tube as its main part. This sort of discharger 2s the discharg-
ing device of the cement mechanicail shaft kiln is low in cost, easy
to manufacture aad operate, and it has been widely used in this
country. In this paper, this discharger is presented in comparision
with otHer types of dischargers, and its uorking principle and some

testing data are given.,
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I. General Descriptions

The cement c inker discharger of the mechanical shaft kiln functions
as both in air blocking and clinker discharzing, which eﬂsures that
on the one hard, the high pressure air can be blown into:the kiln

in order to accomplish the burning process effectively aﬂd to have
little or almost no air escaped from the kiln, and on thé other hand,

the clinker may be discharged smoothly and continously.

The developing rrocess of the dischargers in China is one from sim-
% (=]
plicity tc comrlication and then vice versa, while their level has

been endlessly enhanced. In 1950's gate type dischergers (Fiz. 1)

were used in this couniry according to foreizn exveriences.

1. Sheil

2. lst stage cut-off crifice
* 3, Gate frame of 2nd stage

4. Sealing gate of 2nd stage

5. Gate frame of 3rd étage

6. Sealing gate of 3rd stage

Fig. 1 Three stage gate

Sircz then, many innovations and improvements anave been carried out
by us. For example, the rumber of gates has been increased from 3 to
4L or 5. As for the drive device it has been turned from the simple me-

chanical level type into double self-locking type (Fig. 2), and the
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hydraulic drive has been further employed {(Fig. 3 )

1, Shell

2. Weight A

3. Weight B

4o Crack

. T™wo Tellied Press Blocks
6. Connecting Rod

7. Rot*ter Disk

- . . _ - : 3. Conrecting Rod

Fig. 2 Self-locking device
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Many types of structures for the gate and gete frame have been tried,
and the sequence of operation is so designed that the gates are closed
after the clinker flow has been intercepted (Fig. 1), with an aim to
increasi g the effectiveness of the discharger. Much progress has been
made ir this aspect. This type has been used to raise the suitabili-
ty of the gate to increasingly highly presureized air inté the kiln
and to the rapid discharging of the clinker, thus pramotihg the de-

velopment of the high production shaft kiln in this countfy.

For the discharger of gale type, sealing is achieved by means of the
gate itself ——- a multi-gate structure with intersittently recipro-

cating movement. As the gate must suit the handling of big lumps of

7]

clirker, *his has accordingly resulted in tig size, heavy weizht,

and high manufacture precisicn. The problems of air leaking and re-
quiring frequent regular maintenancze are caused by ceaseless abrasion
due to the attack of dust carrying air under aigh tressure., The air

leaking conditions are shown in Tatle 1.




. Table 1. Air leakage measurcd f£or three
stage gate discharger and rotary discharger
Design- | Discharz~ | Mcasur- | Air leak- | Remarks
ation of|er type ing date| age
Plant | t%°/min.
T 3-gate 974 14+5-60 about one
mechani- ‘month after
ecal drive repair
X l}-gate 1974 30-26 10 days
nechani- .after repair
K cal drive P
-_D >-gate 1980 1.8-2.6 jtwo days
jhydrauli- after repair
cally ‘
driven ! i
R ‘rotary 1972 14 ! soor after
lvalve ! | repair

The so-called mini-cement iiwuvstry in our

country refers to a lceal

industry set up by the loca. authorities' investiment, the characteri-

stics of which are its small scale, simple machinery and small amount

of investment. As far as the equipment, management and opération are

concerned, the coh@itions vary from plant to plant, but, on the whole,

nearly all the plants develcp along the same path cf frow-low-to high.

The over all dimehsions of a 3-stage hydraulically drive gate are

3,300 x 2,800 x 1,400 mm and such e gate weighs 6,500 kg in total,

The manufacture of such ¢ equipment requires heavy duty machines.

Thesa of course cannot be widels used in our miai-cement industry,

Cnnsequently, the personnel of our minl-cement industry have tried to




seek bettér ways of discharging clinker from the kiln. The bell and
counterveight type discrarger arnd rotary ({yve dischager Aave thus been
developed accordingly. However, neither of them has received further
develomment, as the air-locking effect is not satisfactory with the
former and with the later big lumps ¢f clinker cannot be discharged

etfectively, meanwhile its abrasion is rather severe.

From 1965-67, according to the théoretical analysis and inference
based on our prodﬁction experiences and also with reference to the
information from abroad, we have adapted a tube filled fully with
clinker (known as material blccking tube) and the tube car plsy the
role of a..'discharger both in bloeking and discharging clinker fronm
the kxiln. If the draught resistance per unit area of a small [“ame—
ter —aterial blocking tube is equel to that inside the ki'., the
ratio of its air leakage to the amount of air pasaing thru the kiln
must be equal to the secord power of the ratio of their diameter,
1.e. QuiQ = DpR:Dx?. When DDy, = 1:1/10, Qc:Qp = 1:1/100. Herce,

it may be seen, the air blocking efficiency of the Q.B.T is quite
appreciable. For a shaft kiln 2.5 m in dianmeter a $250 mm M.B.T.

is : quite enough for its discharging cavecity . If the tgbe is ins-
talled vertically, the control over discharge may %e realized by a
vibrating chute. And when the tube is installed horizentally, it may
be reaiized ty a vibrating M.B.T.. They are known as verttgal dischar-
ger and liorizontal M.B. discharger, respectively as siown in Fig. 4
and Fig. 5. Through the experinmental invest’getions and the produc-
tion practicc in a number of plants carried out over the past ten

years or so, great achievement bas been made. Table 2 gives the air




leaking conditions for M.B.T., and the pros and cons as compared with
other dischargers are listed in Table 3.

Table 2 Air-leakage measured for material
blocking discharger .

Design- |Material | Height [Air leak- |Air leak- |Re- !
ation blocking | of ma- 'ing pre- age , marks |
of plant{ tube - | terial | ssure md/nin
type colunmn |mm HZO- - '
m i _—
Q vertical { 2-3 - 1500 . ! 5-16
X vertical | 2-3 2000~3000 - 4-8
T vertical | 2-3 1506-2CC0 ; 10-20°
1 vertical | 1.8-2.2! #50-520 = 1.73~.
i 1.76.
Ta 1st. / ' 5 -110C i 12.5- zodel:
_ ) : i 13.75 t=:t:
Ta 2nd.| / 5 1350 i. 5.76 model
H i ; I test L

1. Discharcze hopper

2. T. Reducer
3. M.B.T.

Lo Vibrating throttle

5. Dusting pipe
6. U-pressure differentiel
indicator

7. Auto-control switch

ig. 4 Vertical M.B, Discharger




Tanle 3 Comparison of three dischargers

F_Bescrip— .Three-stage | Rotary M.B.O. ]
tion ' gate valve [|vertical |{horizontal
'Weight. 6500 2500 BC0-1200 ‘1850—2000
kg '

Frice, |5-8. Ta<2 0.2-0.5 | 0.3-0.8
10,000 '
Yuan )
 Manufac- | complicated { compara— Easy not diffri-
ture tively cult
iffi-
cult
wear Severe Fast Light not severe
tain- 3-5 menths 20-30 2 years |k year
tenance days 1
xctor 2.8 4,5-7.0 10.35-0.5] 5.5
X.w,
Air plant 1 Plant R | 1.2-22 -3

-leakagé 45-60 14

KmB/min in 197%
Plant X 70-
36 in 1974
Plant D
1.8-2.5
| 'in 1980

.

See also Tables 1 and 2.
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X X X b ¢ x\ gf

1, T. Heducer
2., Flexible connection
3. Viurating M.B.T,

4. Frame

[« ~3 o wn
. o .

Spring system
Driving system

l_)uisti ng sysiem

» Auto-control syatem

Fig. 5 H Horizontal M.B. Discharger
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The corcept of making use of the air resistance capacity from the
bulk material (i.e. broke up and dispersed materials) ivself, i.e.
"air locking-material blocking", har long been applied in industries,
but mostly applied to powder materials. In the later half of 1960's,
it was also used for rranular materials in Chins's metallurgical
industry (Fig. 6). The diameter of such M.B.T. is rather tig, the
ratio of *tube dlameter to the grain size of material is

Dy ¢+ d = 12.14. In the middle of 1970' it was also reported in for-
eign literature that the clinker cooler from the rotary kiln was
mat~rial-blocked which belongs to the granuler materiazls bYlocking

technigue. A mate -ial blecking discharger which was used in the

tock from USSP (KILNS IN CRMENT INDUSTRY, BCCK I)(Figz. 6).

2. 8 rcller discharze
arate

3, Discharging hopper

4. Conc. iron ore
clinker

5. T. Reducer
6. M.B.T.
7. Dusting tube

8. Apran conv,
thrott? :

Iron ore.clinker
M.B. Discharger

s e —
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N 1, 7Tibrating conv.
!l throitle
A\
BARE ; i .
D72 e 2. Malterial control
,/,"'/-/"' L : I
Y ; plate
r. [
i 4
3.:1.8.7,
3 .
/{ ’ L. Hepoer
P e
bt =

Fig. 7 M.B.T. in thke early stasge

-

is dischar~er was merzly acplied te suil the
at that tlne. In order to reduce the problem of material tridging
and lodging, M.B.T.'s with big diameter and big cross section were

-

used, resulting in large amount of air leakage (25% estimated).

Such a M.B.T. could only be used for the snaft %iln with air cres-
sure. up to 300-4CO mmHQO, and would not suit the modern shaft kilns
with high air pressure. On the basis of cxperimental investigations‘
and p;actical experiences we have summarised the air blocking prir-
ciple of M.B.T. and the reasons for the bulk materials passing *hru

M.B.T. with smal) diameter, thus realizing the "Blocking Technique

of Small Diameter Tube with Material Blcouxsh.
II. Working Princirle

The degeriotion ig to be divided into forr marts: air blocking prin-
ciple, discharging principle, movement of *he meterial within the

M.B.T. and movement of the material in the vibrating throttle.

T
> S
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2.1 Air blocking principle

The air blocking function cf M.B.T can be expressed in terms of air
leakage. The flow of air travelling thru M,B.T. and leesking pres-

sure are represented by the follewing equations:

Q =4p . Vb =0.785 D2 Vi eenee (1)

Ty2 hy, Y

Pb :# . [ XEY-X) (2)
2¢g 4d ,92
[ 2gdp2py '

Vb - P‘ eseeo0 {3)

where: Qp = air flow escaped from M.B.T., i.e. 2ir leakage;
Py, = cressure cf air leakage;
Vp = virtual air velocity in M.B.7. (em;ty tube);

inside diameter of M.,B.T.;

o

resistance coefficient cf material column

N
1]

g = accelersticn of gravity;
hy = height of material column;
d = mean grain size of clinker;

Yy = volumetric weight of the leaking air from M.B.T.

P = porosity of the material column.

2.1.1 Relationship between air leakage and the diameter and height

of the material blocking column.

It can be seen from the above equations that resistance coefficient
M remains constant 1f the clinker size d and porosity A keer unchanged.

Under such conditions if Py, hy, Y} remain unchanged, ¥, will also
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do so. Qb¢CDb2, as shown in Fig. 8 .

That is to say, the air leakage will increase by 125% if the diame-
ter increases by 50%. And the lezking will reduce ty 75% if the dia-
meter decreases by 30%. Then if Py.Dy.Yp remain unchange, 7y varies
inversely withﬁb_, and ngcl/,fb—.g, as shrwm in 7ie, 9, This zeans
when the material blocking column prolengs its height oy 50%, the
air leakage will be reduced by 19%. And if the column heiéht ig cut~
down by 50%, leeking is increased by 1.%. Hence, we know fbe effect
on air leaking of the variation in the diameter of M.B.T.iis much
greater than the varlation in column height, and this is why much

better results in alr blocking are obtained wilh smzll tubes.
2.1.2 Resistance function of the material blocking column

From equation (2) we have:




m

~1b-

A 28R
d p? V,2hhy Yy,

veuee (&)

According to the production records and the experiment measurements
the air leaking pfessure for the vertical material blocking dischar-
ger is normally between 1000-3000 mm H50, Tt = 1.0-1.2. The value

of Vy and hy is comparatively small. Therefore, on the right hand
side of the equation the numberetor is rather big and denominator

is rather small, ccnsequently sl must be relatively big. This

is due to the resistance of irriE? r pores naturally formed amcng

the clinker particles in the blocking coluvmn. ind we call it ithe

Looyrinthic (or winding ) resistance furncticn of the material block-

ing zolumn.

; The air blocking resistance function of M.B. column increases with
the decrease of clinker size and Dorosity. It has been found in rro-
duction practice that a mechanical shaft kiln with a new 5ischarging
grate croduces smaller particles of clinker, which gives better -
effect of air blocking resistance, and the particle becomes bigger .
giving .a rather péor effect as the discharging grate is uvorn out.
For instance, the air leaking for new kiln #3 (producing émall par—
ticles of clinker) equipved with a big diameter of M.B.T.‘in a cer-
tain cement plant was less than that for old kiln ¥2 (producing big

particles of clinker) witbh small diameter of M.B.T.

The conditions of the clinker falling into the M.B.T. vary with the

inclinations of the ™.B,T. and affect tlie moroeity ¢’ the material




column appreciably, making the Labyrinthic resistance vary promi-
nently. The se=2 model with the same column height was used in two
different experiments, but the tube was installed in two different

inclinations, giving differ=nt results as shown in Fig. 10.

Fig, 10

In the first experiment the model M.B.T. was inclined at 45°,
clinker filling rate being 62.4%. In the second one the tube was
inclined at 65°, the rate being 37.8%. The two experiments can be

sunmarized with equations (5) and (6):

P

b 8 vbz 00000(5)

80 Vple62 .,..(6)

Py

It is seen fram Fig. 10 or equations (5) and (6) that under the
same air leaking pressure Py or 7, the following relationship
existss

le H Qb2 : 201 - 301 or 2-2 - 302




This shows thac the size of clinker perticles end tube inclination

have a great infleunce on the average porosity, making the effecive-

ness of the material column height vary by as mu.h as /3.;,ji6.times.

Besides there are other factors affecting its velocity and amount,
such as the temperature of the leaking air etc., which woull not be

discussed here in detail.

Among these factors, the composition of size and the clinker tem-
perature, etc., deperd mainly on the production operation; and may
not be readily changed at will. However, the lensgth, diaméter and
inclination of the M.B.T. are determined in design, manufacture and

ercction and they must be guaranteed by menasement and maintenance,

Therefore, the air blocking ability of M.B.T. is mainly determined
by the diameter and inclination of M.B.T. as well as the cross sec-

tion and der.sity of the material column.
2.2 Principle of discharging

As described above the material blocking discharger of a modern
shaft ;iln 1s characterized by the samll diameter of M.3,T. and its
ebility allowing the lumpy material to be discharged. The discharg-
ing grzte area of a mechanical shaft kiln is rather big as compared
with the cross sectional area of the M.B.T. (thch is small). There
is bound to be a question of transition from the big graté area to
the small tube area. How can the clinker with a certain pérticle
size pass thru the transitional redncer and flow into thé M.B.T.
uniterruptedly with a small diameter? This is something worthy

exploring.

P




-17-

2.2.1 Falling dispersedly, clinker does not store in the treansitional

reducer

The necessary and sufficlent ccnditions for the Llinker to sass thru

the transitional reducer freelv and to get inte the M.8.T. are that

the size of clinker lumps must be smaller than the tube diameter (or

approach the diameter as a limii) and the lumps of clinker remain in

a disversedly f21ling scate.

The maximum average output for a #2.5 m modern cement shaft kiln is
11 t/hr. If the unsteediness of the discharging rate from the kiln is
considered and the unsteadiness factor is taken 3, the maximum dis-
charging rate will be 33 t/ar. or 9.2 kg/s. The throtils of the mater-
ial blocking discharger turns out 50 t/hr, which is much more than
the discharging capacity of the kiln. This shows it i3 certainly pecs—

sible for the falling clinker to xeep dispersed in “he transiticnal

g
ot
o
®

reducer. As for the balznce between the actual discharze fr
kiln and the discharging capacity of the throttle it may autcmatical-
ly be controlled, in order to guarantee the materizl column in the

M.B.T. to have the requirel level.

If the largest lump size of the clinker discharged frem the kiln is
130x110x60 =mm, its weight will be about 1.5 kg. A discharzing rate of
9.2 kg/s comprises roughly 6 pieces of clinker, and averagely one
falling lump in every“l/6 second. The falling clinker acts, as a free
falling body shortly after leaving the kiln srate. The falling

height is given by the equation S = 1/2 gtz, where iZ time taken

there ig time

[5]

by the falling body in seconds. Therefcre, a3 long a

——




difference among the falling clinker lumps, there must be a correspord-

ing height difference. And the height difference will increase as the
time prolongs. If two pleces of clinker fsll down one after another
and their lengths of falling lime are t3 ana t, respectively, the dis-
tance between them must be S3 - S, = 1/2 g (t12 - tzz) = 1/2 g {t1+t5)
x (t1-t3) ceeee (7)) ty>1t,, Sy - S5>0. After t seconds, the dis-
tance will become

S) -5, 1/28 (b 4, +26) (t = t) eera (8)

o Bty + 2t + 8, , 05; - 55>8; - S5 Q.E.D.

After falling dowm for a certain duration of time, the clirnker parti-

cles will touch the botiom piate cf the irznsiticnael reducer and then

boince or siide, As the iInclina*_on angle of the betiom plate is us- \
tally much greater than the internal friction angle teitween clinker '
and plate and also greater than 450, the touncing cr sliding is an

accelerated motion (Fig. 11). When several Dieces of ciinker particle

take part in such a mection the same rule —— as long as there are time
differences when clinker varticles fall, there must te corresoonding

height differences —- will hold.
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This shows that as long as no clinker is stored in the transitional

reducer, there is a theoretical basis for the dispersed falling cf

the clinker off the discharging grate of chaft kiln to take place.

Under the action of the discharging grate, normally the clinker falls
one piece after another and it rarely happens that two nieces cf clin-
ker fail simultaneously. Thru constant observations in the actual
production, even including the case when the M.B.T. has been intene
ticnelly removed (leaving only a stump on the top for a 5etter obser-
vation), no such phenomena have been observed. This indicates that

there is also a practical back-grcund for the disversed falling of

the clinker off the disckarging grate cf the shaft kiln to take place.

The p2robability that several lumps of clinker £21° tc thz ifop of M.3.T.

sinultaneously 1s very rare.

In most cases the clinker lumps do not leave the grate at *the sane
instant, Starting from this factuml conditicn, we present the thecry

of "dispersed falling of clinker," which requires that no clinker are

stored in the transitional reducer and the clinker lumps pass disperséd-
ly thru the reducer. There are the necessary and sufficient conditions

for the clinker not to be bridged in the reducer.

We have also analysed the imaginary case of two big lumps of clinker
falling exactly a£ the same instant., If two big lumps fall together
they might te in a various arrangements. Imagine that the two lumps
fall in parallel in the forn of a horizantal strip. They

will have a maximum area of prcjection on a horizontal plane (Fig. 12).

But if one of the two lumps is hindered (irrespective of whichever
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Fig. 12

point on the clink:r lump) they will becomes one in veritcal vosition
and the other in horizontal position, or one after the other. There-
fore, in order to solve this specail case of two Ilumps falling te-
ggther, the M.3.T. may be designed according to thae following expres-
sions

Db » KE ceeee (9)
where: d = size of the special bigz lump of clinker i.e. aritkzeiical
mean of its three dimensions: length, width and height;

k = coefficient depending on the frequency of cccurence of biz limps.

It is extremely rare for three or four lumps of clinker to fall to-
gether. It is also scarcely possible for several falling lumps to lodge
in the reducer without a specail arrangement. No consideration is thus

necded here.

2.2.2 Conditions for the clinker to densely pass thru trangitional

reducer

If a shaft kiln discharger at ar extremely high rate in a short period

with an unsteadiness factor much gréater than 3, the mean particle
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size of the clinker discharged from the kiln mus! be rather swall,

and under such conditions the clinker may build up in the reducer,

and pass in a dense state. We have obs:rved over many yeairs in prac-
tice that the clirker will freely pass through ihe reducef as long as
the percentage of axceptionally large lumps does not exceed 5% and that
of ordinary big pieces does not exceed 40%. The big lumps; as their
proportion is small, are separated by smell perticles, Thérefore,

they stili pass thru individually.

If the dischar_ing rate from the kiln i.. 2 short period is not axire-
mely high, yet with an uvnsteadiness Zacltcr still scmewhat exceeding
3, ?ay 5 or € 2nd the lunp size bf the clinker dischérgeﬁ fream the
kiln is not too small, then it is gessitle for the clinker to bulls
up in the reducer, and the clinker will lower Zown in e dense state.
Now so long as the atove mentionéd percentzges for *he big lurps of
clinker are still maintainei at '5% and 403, clinker bridginrg may
still not occur. And of course if the said rercentages are exceeded
oridging may then take place, However, we have fouﬁd in pfoduction
practige over a long period that the transitional reducer:(Fig. 13)-
with three ablique surfaces (a) and the small tapering reéucer (b)
may assist the clinker to fIAw in a dense state ard reduc; the pos-~
$1b1lity of bridging. This 1s because these types of reducers have a
comparatively small resistance, aﬁd the unsteadiness factor is nou
considerably exceeded and not so much clirker is maintained in the
reducer under a small pressure. This preblem can aiso be solved by

increasing the capacity of the throtile, but other unfavourable

factors will be brought ebout,
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Fig. 13 The consiruction of two kinds of reducer

2.2.3 Conditions for the clinker column te pacgs thru the M.B.T. with

smell diameter

The conditions fcr the dense clinker column to pass thru a smz2ll dia-

meteé of M.B.T, normally are that the diameter of the tube remains con— Q
stant without variation, and the tube is straight without bends, and !
absence of such hindrances as spots, pits and projections on the in-
ner wall of the tube. The column may alsc pass thru an enlarged tube
and a downward bend. It is not necessary to provide an enlarged tube
as it is unfavourable to air blocking; the downward berd is not recom-
mended unless really needed as it would add to the frictional force

of the inside of L.he tube.




2.3 Movement of the clirker in the M.B.T.

The clinker dischargzed from the kiln is bulk material has both flui-

dity and internal frictional force,

Thru atserving a transparent model of the vertical M.B.T. and care-
fully listening to the noise irside the tube we have found that the
movement of the clinker colurn in the tube is of a pulsafory charact-
er and not like a plug falling uniformly. As shown in Fig. 14, the
material in the lower portion of the colurn is activated by the uwib-
ration of the arrow head. Where as the ma*erie? in the top or middie

crtion may instantaneously be susvended and cavities A could be formed.
Ve ¥ <

93
cl/

Q '.,'4.‘)0_" J

A s A,

Fig. 14 '

The movement of the materials in the vertical M.B.T.

The suspended material may fall down little by little or cave in,
making the cavities enlerged, displaced or disarpear. Such phenomena

appear alternately and the cavities may be big or small, and numerous
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or few. The process of the cavities forming, increasing, displacing
and disappearing and their ceaseless alternation i. theilaw of mater-

ial column movement in the M.E.T., and thic is also the process for

’

the clinker in the column to be bridged and coliapsed alternatively.

The motive of pulsation is the slidiné fcrce “ownward and the frice-
tional resistance on the tube wall and Letween the clinker grains.:
The material column will not mcve if it has nc sliding force. If
there is no or little friction on the trbe wall, the column will fall
down as a whole and no pulsation will arise. The internal frictior
within the column varies considerably with the density and arrange-
ment of the bulk clinker. This is why the clinker abcve the cavity

is instantaneously suspended, forming 2 pulse,

The sliding force increases as the inclinaticn of the M.B.T, increases
and the friction of the tube wall decreases. Therefors, in order to
inerease the sliding force, reduce the frictional resistance cof the
tube wall, accelerate the pulse, and diminish the-cavity and réise

the air blocking ability, the inclination of the M.B.T., should be "

set at 90 or near to 90.

Clinker segregation may arise in the M.B.T. and it is particularly
evident when the tube stops discharging. This is caused by gravity
and the blowing force. And the small particles, granulars and pow-
dered clinker will move downward passirg thru the pores between the
big lumps of clinker, resulting in the variation of the physical
properties (J.e. porosity, volumetric weight, ray—absorbing ability,

dielectric constant, etc.) in various parts of the column. Such va-




riation depends on the height of the coluwmn end its pulse. The veri-

ation is more marked whea the discharge is restarted from'a halt. Fre-
quent suddien changes will be observed if an aunomatlc differentiel pres-
sure indicato:r is eaployed. Attention should be paid when an autormz-

tic control is to be designed for meterial blocking.

Such phenomena of.segregation will bring about even more unfavourable
results when big lumps are hindered. That is to say, small lumps will
go forward while big lumps are jammed and the big lumps behind terd
to push furward and accumulate, causing the.bia-lumps to build up.
The percentage of big lumps in the column ig thereby increase, and
there is a possibility for the clinker 1o bridpge at the place where
hindrance occurs. Consequently, it should be assured that any spois
with notable frictional resistance likely to hinder the blg lump to
flow -eely or other hindrances should be zvoided in the desiem,

manufacture and maintenan e of the M.3.T.
2.4 The pushing force of the moving material iIn the vibrating throttle

In this country a vitrating trcugh is used in mo.t cases ar the throt-
tle (kiovn as the vibrating throttle) for the vertical M.B. discharger.
In the vibrating throttle there are two pushing forces on the moving
materials: (1) pushing force from vibration and (2) natural (grav'-
tational) sliding force of the ciinker. The magnitude of the vibrat-
ing force varies with the amplitude. The magnitude of the sliding
force of the clinker depends umon the surface slope of thne clinker.
When the slope is greater than the internal f' iction angle, the

clinker will slide down by gravity ever without the pushiﬁg force
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. As tha internal friction angle varies with the grain

i

compostion of clinker, in order to increase the function of the throt-
tle, efforts should te made to reduce the sliding angle of the clin-
ker in the throttle as much as possible, so as to increase throttling

performance of the pushing force from the vibration.
III. Conclusion

The air blocking effect of the }.3.T. discharger is noticeable, arnd
its air leakage has been practically reduced to 2-3% of the air

blown into the kiln, This is mainly due to the Labyrinthic effect of

the clinker column ard the =mall cross section of the M.B.T..

Conditicns for the clinker particles to freely rass thru the M.3.T.

with small diasmeter are as follows:

When they pass thru the transitional reducer the maximum size of clin-

ker lump must be less than the dismeter of the tube and the falling

clinker must be in a dispersed state., When ihere are not many dbig

pieces of clinker (which are smaller than the tuhe diameter; ard

they are in a state of being sepurated by small pieces of clinker

the clinker may still densely pass thru the trqnsitional'reduceg,

The major advantages of the M,B. discharger are the structural simp-
licity, requring less steel, light weight, low cost, easy maintenance,
slight air leakage (rather concentrated, if any) and ease in dusting.
The M.B. discharger may save 95-07% of cost as commared with three
stage gate dischargers. In the case of a 2.5 m mechanical shaft kiln

with a spohn grate, origninally equipped with a three stage gate dis-
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charger, one third of the initial cost may be saved if the discharger

is converted int6 M.B. discharger.

As the installation of the M.B. discharger is extremely simple, has
prominent advantﬁges as listed above and is easy to popuiarize, it

has promoted the development of the mini-cement industry in this coun-
try, helped to mechanize the common shaft kiln and to simélify the
conventional mecﬁanical shaft kiln. No doubt, its applicaticns will

be further develdped and enlarged.

For further development of the vertical M.B. discharging technique,

the following po}nts are suggested:

The M.B.T. to be used should be as small a2s possible in diameter to

reduce the air leakage;

Big inclination i.e. nearly perpendicular ‘¢ the ground level, is to

be applied in order to rut the clinker column into effective pley;

To assure the stability of the malerial level ia the M.B.T., and the

-

free flowing of the clinker, a sensible and reliable automatic con-

trol system should be introduced.

Further more, as the M.B. discharger is indeed very simple, it might
be overlooked and misunderstood and not regarded as a key part of the
mechanical shaft kiln, If it is not properly dealt with in design,
manufacture, erection, operation and maintenance and repair, its per-
formance will be certainly affected. Thus-advantages may become dis-

advantages, and this of course must be avoided.







