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ABSTRACT

This note presents the thermal analysis and other design aspects
of the precalciners to be added to the existing kilns at the Puttalam
Cement Wotks in order to increase their capacity from 740 to 1000
tonnes of clinker per day each,

1.0 The principal thermal processes in the manus
facture of Portland cement by the dry process comprise

(i) the preheating of the raw meel (a finaly pulverized -

mixture of limestone and clay), (ii) the calcination (i.c.,
the conversion to calcium oxide) of the calcium car-
bonate in the limestone, (iii) sintering of the raw meal
to form complex aluminosilicates (clinker), and (iv) the
controlled cooling of clinker.

1.1 Existing dry-process kilns, generally, use cyclone
preheaters where the raw meal is heated in suspension.
Until the seventies, both the calcination and sintering
processes were carried out in a rotary kiln. . The:cooling
of the clinker is done in a clinker cooler which also
servesasanair preheater for the rotary kiln. (See Fig.1).

1.2 In recent kiln designs most of the calcination’is

done outside the rotary kiln in a precalciner, within the

suspension preheater system (Rig. 1). ~ Several existing
kilns have been modifi:d within the past few years to
iniclude precalciners. The advantages of precelcination
are two-fold: on the one hand, the bulk of the heat
load for calcination is shifted out of the rotary kiln and,
hence, it is possible to sinter more material within the
rotary kiln; and, on the other, because the mzjor part
of the heat input to the kiln is used for calcination the
thermal load on the rotary kiln is substantially reduced,
even after an increase in the kiln output,

1.3 This note is about the thermal design of pre-
calciners - for the two'cement kilns at the Puttalam
Cement. Works (PCW).

22,0 Szveral effective designs of precalciners are avail-
able. (See Fig.3). But, since the proposed precalciner
is essentially a modification to an existing kiln, not all
the available designs will be suitable for adoption.

2.1 The principal differences between the different
designs of precalciners concern the air supply system
and the fuel burning system. There are alsq differences
in constructional features.. .

1. Preheater, Rotary Kiln and Clinker Cooler Layout
1.1 System without precalcination a

1.2 flow path and of material flow path N o
13 ﬁ:terial flow path muspension preheater - .-

1:4 System with precalciner

xﬂn, '

C'— Clinker.Cooler, R — Rotary .
" a— Cooler air to dust_collector fan, ¢ — clinker, £ — Pue,

g—gts; m—material,~ " '

I, II, I and IV refer, respectively, to the first, second,

third and fourth cyclones.

LY

1)




2.2 Although precalciners have been in successful
operation for some years, there is still uncertainity about
some important design parameters. There is some dis-
agreement about the optimum values of the gas speed
and particle residence time in the precalciner, two
parameters which, in the main, determine the overall
dimensions of the precalciner chamber.

2.3 In designing the precalciners for PCW, accent
was placed on economy and easy fabrication. But the
design also ensured that the necessary safety limits for
the temperature and velocity of gas in any section of the
kiln were not exceeded, so that the smooth operation of
the kiln will not be hampzred -by defects in the design
of the precalciner.

2.4 Tt is not possible to discuss in this note the de-

tailed design of the precalciners for PCW; nor is it.

possible to go into details about the operation of the
kiln with precalcination. The discussion will be con-
fined to the main design features of the precalciner, and
reference to other components of the kiln will be only
where necessary. ‘

3.0 The air supply systems for precalciners may be
divided into three broad groups: (i) systems where the
entire air supnly to the precalciner flows through the
rotary kiln, (ii) systems where part of the air supply is
through the rotary kiln and part directly from the
clinkar cooler, and (iii) systems where the entire air
supply bypasses the rotary kiln. Total bypassing of the
rotary Kiln is done in large kilns where there are more
than one string of cyclone preheaters and the kiln
gases are used for preheating the raw meal in one of the
strings and the rest of the preheating is done by the
gases from the precalciner. The need to supply com-
bustion air to the precalciner through a separate duct-
ing may also arise if the kiln gases have to be bypassed
in order to reduce the alkili content in the clinker or
if the gas velocity in the kiln may exceed the stipulated
m=ximum at any location. With the production target
at 1000 t/d of clinker psr kiln and with 90% of the
c2Icinition outside the rotary kiln, and given the low
alkali content of he raw material available, the entire
air supply to th: precalciner could be taken through
the rotary kiln.

4.0 The fuel burning system and precalciner geo-
metry selected (Fig. 3.1) for the present purpose are
simple in form, easy to fabricate and to erect, and more
economical than those in more sophistciated precal-
ciners which are more suitable for new kilns with much
larger output. ‘

4.1 The fuel burning system provides for the mixing
of the fuel and the raw meal before they come in contact
with the combustion air. This mixing ensures that the
gas temperature within the precalciner does not exceed
950°C and cuts down the risk of the gases leaving the
precalciner’ having an excessively high temperature.
It also ensures that the process is easy to regulate.
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3. Alr Supply to the Precalciner
2.1 All gir through kiln
2.2 Part of the air through the kiln
2.3 All air bypassing the kiln

5.0 The mean gas velocity in the precalciner deter-
mines the diameter of the precalcimer ch?mber: the gas
velocity ranges from 5 m/s (or less) to 15 m/s in the
existing designs. The gas velocity should be large
enough to ensure adequate turbulence: a gas velocity
of 5 m/s was considered adequate for the given pre-
calciner geometry. This velocity, in addition, m:’('le it
possible to keep the length of the chamber relatively
small and the ratio of the lateral dimension to the leneth
close to the one which would give the minimum surfrce
area or the preclciner. This in turn meant thet the
precalciner was light and compact and thst the cost of
the supporting structure was minimum.

6.0 There is some diff:rence in opinion about the
minimum necessary residence time for the particles.
Although a residence time of 2 to 2.5 seconds will be
in good agreement with accepted practice, it was con-
sidered useful to make an independent estimate of the
order of magnitude of the necessary minimum resi-
dence time.

6.1 Reference 1 gives some information about the
material and gas temperature distributoin in preheater
systems without precalcination. The heat transfer
characteristics for the four gas ducts are clearly dis-
similar. Variations in the therm=1 properties and in the
composition of the gas and the material, and heat trans-
fer to the surroundings are frctors contributing to the
observed diff:rences. The data for the duct leading to
the fourth cyclone in the preheater system without pre-
calcination are more relevant to our present analysis
than are those for the other three ducts. The ges and
material temperatures in the above duct are close to
that in the proposed precalciner with low-temperature
combustion. )
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3. Precalcining systems showing different methods of fuel
burning and supply of material and gas.
3.1 P. L Smidth (FLS) Process

3.2 Kawasaki Spouted-Bed and Vortex-Chamber (KSV)
Process

.3.3 Suspension Precheater Flash-Chamber (SF) Process
3.4 Reinforced Suspension Preheater (RSP) Process
f— fuel, g, — Gas from clinker cooler, ’

) — Gas through kiln, m — material, "
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6.2 In the approximate analysis below, the thermal
and transport properties of the material and the gas are
taken to be the same as in the duct for which heat
transfer data is available, although, in fact, both the
gas and the material do undergo change in composition
during calcination. The purpose of the present analysis
is to make a rough estimate of the necessary heat tranps-
fer time and the above assumption will not lead to
serious error.

6.3 It is assumed that the material entering the
fourth cyclone is 10% calcined and that the calcination
starts after the material reaches its maximum tempe-
rature within the duct. This assumption simplifies the
analysis and gives a marginally conservative estimate
of the heat transfer time. The material in the pre-
calcinator is assumed to undergo isothermal calcination
and the combustion process within the precalciner
chamber is taken as isothermal. This assumption is
supported by the observations reported in Ref. 1 and 5.

6.4 The heat transfer analysis is given below and
the corresponding temperature distributions are showa
in Fig. 5. Assuming equal heat transfer coefficients in
both ‘instances, and taking the mass flow ratio of gas
and material and thermal properties to be the same,

(dq/(it) 1 (dq/dt) o
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4 Gas and Material Temperature Distribution in Preheater
System. )
Ty — Materlal tempem:m, Tg— g mnpuutuxe o

30 .

-

where, the symbols and subscripts used means the
follwing,

Symbols :
q = heat transfer from gas to material
Q = total heat gain by material
T = temperature
t = time
ty = residence time
AT = Tg-Ty

Subscripts :

8 == gas
m = material

1 = gas duct from kiln to fourth cyclone in pre-
heater system without precalcination

2 == precalciner chamber

The temperature variations shown in Fig. 5 are based
on data available in Ref. 1 and 5 and the assumption
of isothermal combustion and isothermal precalcination
permits simple computation of the necessary residence
time, with reasonable accuracy. The mean gas velocity
in the duct is taken as 30 m/s and effective duct length
as 10 m, giving tr, 18 value of 0.33 second.
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3. Hypothetical Temperature Distribution of Gas and Materlal

5.1 for duct from kiln to 4th cyclone
5.1 fos precalciner chambet
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6.5 The heat transfer time is estimated to be around
2.5 seconds. The time for chemical reactions is an
order of magnitude smaller than that for heat transfer
and is therefore neglected in the analysis. The slip
velocity of the particle of nominal size and spherical
shape is around 0.25 m/s and that of the actual particles
will be somewhat larger because of agglomeration of
the particles. This will result in a larger residence time

* for the particles than is based on the slip for the parti-
. cles; the effect of gas recirculation in the lower portion
of the precalciner will again be to increase the mean
residence time of the particles. The latter effect alone
will more than compensate the under estimate of the
residence time by neglecting the time for chemical
reactions.

6.6 The estimated residence time is in fair agree-
- ment with that in accepted practice, A chamber height
of 10 m was selected to permit a nominal residence
time of 2 seconds with mean gas velocity of 5 m/s with
slip velocity for particles taken as 0. The particle slip
and residence time in the ducting from the chamber to
the fourth cyclone will serve as adequate safeguard
against any possible underestimate. .

7.0 The chamber diameter for a mean gas velocity
of 5 m/s and a mean gas flow rate of 68 m?/s at 900°C
and 100 k Pa was estimated at 4.12 m, With brick

"lining of the same specifications as in the rest of the
preheater system the overall diameter of the chamber
is 4.5 m. o
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