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ENGINEERING SECTION
Session—Friday, 27th January, 9-15 A.M.

Mr. K. S. Arnold, Chairman
The Chairman delivered the following opening address.

In this opening address I need only refer briefly and in general terms to
the developments which have taken place recently in Sugar Engineering, as many
of the aspects are dealt with in the papers presented to the Section, and in the
Symposium, and will therefore be the subject of detailed discussion among
delegates at the Sectional Meetings. While there have naturally been general
improvements in all classes of cane sugar machinery since the Eighth Congress
of the Society was held in the British West Indies in 1953, the most notable
advances have undoubtedly taken place on cane crushing mills. For this reason
it is appropriate that the subject chosen for the Symposium of the Engineering
Section should be *“ Recent Developments in Sugar Cane Mills *. The following
is a brief review of the trend of recent developments in cane sugar machinery.

Cane Crushing Mills. 1In the recent operation of mills the tendency has
been further to increase crushing rates, and to this end there has been an appreciable
increase in roller surface speeds. Whereas some years ago 30 ft. per min. was
to be considered reasonably fast, in some cases almost double this figure is now
being achieved, and on certain new milling plants speeds as high as 75 ft. per min.
are envisaged.

Cane Feeding and Juice Drainage. The increase in roller surface speed,
coupled with the associated increases in crushing rate,have brought into prominence
certain milling problems, notably those of cane feeding and juice drainage. In
order to assist in the feeding of the fast running mills the use of feeding devices.
of various types has been greatly extended, and the fitting of feeder rollers 1is
becoming standard on new installations. The problem of dealing with the much
larger volumes of juice arising from higher crushing rates has also received
attention, and certain features are discussed in one of the papers presented to the
Section.

Automatic operation of Cane Carrier. Concurrently with attention to the
mill itself for achieving higher crushing rates, thought has teen given to
improving the regulation of the cane feed tothe plant. Whereas formerly
the speed of the cane carrier depended entirely on manual regulation of the
cane carrier engine or electric driving motor, efforts are now being directed
towards developing automatic control. The functioning of the cane knives
has in some instances also been incorporated in the control system to ensure
that the feed on the carrier is adjusted in relation to the power demand on the
knives, thereby preventing overloading and consequent stalling of the driving
motors. By providing a more uniform cane feed to the mills, and a reduction
in stoppages due to chokes on carrier and knives, such control makes an important
contribution towards higher crushing rates. Two papers presented to the Section
describe systems which have recently been developed for the automatic control
of cang carriers and cane knives.
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Steam Turbine Drive. The application of the steam turbine to the driving
of cane mills represents a revolutionary change on this plant, and noteworthy
progress has been made over the past three years. At the time of the Eighth
Congress only a few installations existed, and delegates were able to see only
one unit operating on a mill during their visits to numerous factories. Turbine
drive is gaining in popularity and all recent large cane milling plant installations
have been provided with this form of drive, which now gives indication of
superseding the single cylinder steam engine. One of the papers presented to
the Section deals with the application of turbine drive.

Hydraulic Pressure System. The use of gas/oil bottle type accumulators
on the hydraulic pressure systems of cane mills is rapidly extending. Many
conversions continue to be made from the conventional weight-loaded accumulator
to this more convenient and compact type. It is also now being fitted to the
majority of new milling plants, and gives promise of becoming the accepted
standard type. Some radical developments have also been made in the design
of the hydraulic cylinder which applies pressure to the top roller bearings of
mills. Certain of these designs have successfully undergone trials, and are now
being applied on some new milling plants.

Roller Bearings on Mill Rollers. Over the past few years some manufacturers
of mills have changed from journal bearings to roller bearings on the cane crushing
rollers, and some plants now being installed in India are fitted with the roller
type. It is noteworthy, however, that this 1s by no means a new development
in so far as India is concerned, as two milling plants manufactured by a Calcutta
engineering company 25 years ago and installed in Indian factories were fitted
throughout with roller bearings. Although obvious advantages exist in the use
of roller bearings on mill rollers, their higher initial cost and certain attendant
problems have so far held back their general application. The subject of roller
bearings is dealt with under one of the items in the Symposium.

Steam Plant. There has been a tendency over recent years to raise the
steam pressure employed in cane sugar factories. Where single cylinder steam
engines are employed for driving the muills, the steam pressure is restricted to
about 150 p.s.i.g. due to cylinder strength considerations. If steam is generated
in the boilers at a higher pressure than this, it is necessary to lower the pressure
for the mill engines by passing the supply through a reducing valve. This means
that upwards of 409, of the total steam generated at the boilers has immediately
thereafter to be reduced in pressure, which is not an entirely satisfactory
arrangement. As steam turbines are suitable for the highest of steam pressures,
the limitation does not apply when turbines are installed for driving the mills.
and factories can therefore now quite economically install boiler plants for
pressures of 3501bs. p.s.i.g. or over, and take a direct supply for driving the mills.

By assuring a proper steam balance in a cane sugar factory the bagasse
from the mills can provide ample fuel for the total steam requirements without
having recourse to high efficiency boiler plant operating at high pressure and,



K. S. ARNOLD 5

where this condition exists, there is no justification for installing expensive
high-pressure boiler plant. It is now, however, often customary to locate
subsidiary industries adjacent to a sugar factory with the object of obtaining
from the latter a cheap supply of steam and electric power, as will be seen by
delcgates on some of the factory visits. In this circumstance a higher thermal
efficiency must be achieved in the sugar factory if the surplus steam and power
required for outside consumption is still to be obtained from the bagasse supply
alone.

The higher thermal efficiency required can often only be obtained by
generating steam at high pressure, coupled with the employment of bagasse furnaces
of high combustion efficiency. For the higher pressures and increased efficiency,
boilers equipped with various ancillary equipment such as air preheaters,
economisers, forced draft fans and water walls, are now being introduced into cane
sugar factories. New types of bagasse furnace have also been developed which
are tending to supersede the simpler step-grate and flat-grate types. New methods
of feeding bagasse into the furnace have also been devised, included among which
is the spreader stoker type which sprays the bagasse into the combustion chamber.
Two papers have been presented to the Section on these subjects, one describing
a new type of furnace, and the other illustrating designs of boilers and furnaces
from the simple low-pressure type up to the more complicated modern
high-pressure installations with ancillary equipment.

Vacuum Pans. Developments continue to be made in vacuum pan design
for promoting faster boiling by a morc rapid circulation of the massecuite. To
improve this in the coil pan, the coil cross-szction has in certain cases keen altered
from the circular form to the flattened oval shapc, the long axis reing placed
vertically so that less resistance is offered to the massecuite flow.

Other developments have continued in the direction of er:suring a low-head
of massecuite above the heating element of the vacuum pan, such that circulation
is assisted and heat transfer increased by the lower hydrostatic head. Vacuum
pans having circular ribbon-type heating elements are becoming increasingly
popular in sugar refineries, and some have been employed in beet factories. So
far, however, this type has not teen introduced into the cane sugar factory.

Centrifugals. Further advances continue to be made in sugar centrifugals,
mainly in the direction of high-speed and automatic operation. The former
simple type of machine 42” dia. running at 960/1150 r.p.m. is now seldomly seen
in new installations, and has given way to the modern heavy high-speed machine,
running at 1450/1750 r.p.m., equipped with numerous electric or hydraulic
devices for the control and automatic timing of the operations in the cycle, and
with electric braking. Although the electric-driven centrifugal is extremely
popular, certain factories prefer the water-driven machine which is being
manufactured for high-speed running and with all the facilities of the electric-driven
type.

Although the above advances enable centrifugals to operate on a shorter
cycle, to function under a rigid timed control, and effect considerable labour
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saving, the system is still intermittent, as the basket has to stop for discharging
and after recharging has to be accelerated up to full speed again. The advantages
of continuous centrifugal operation are thus obvious, and development work
is being vigorously pursued towards the production of successful continuous
machines. Some forms are now beyond the experimental stage, and one cotinuous
type has been installed in an Indian sugar factory for dealing with particular
types of sugar, and the supply of similar units to other factories is contemplated.

The above resume mentions only some of the advances made in cane sugar
machinery since the last Congress was held nearly three years ago. There will
be other improvements which have been initiated in the various cane sugar
countries represented by delegates at this Congress, and the opportunity will
be afforded during travels, on visits to factories, and at meetings in Delhi
to interchange information on the development work which has been carried out,
and on the results achieved.

In the Engineering Section the Congress will bring together delegates from
many countries representing various aspects of sugar engineering. There will
be members from universities and technical institutions with their contributions
from the research side, engineers engaged in the direct operation of sugar machinery
in the factories with their experience of practical operation of the plant and the
problems involved, and representatives of sugar machinery manufacturers with
their knowledge of plant design and construction. The Congress presents a
valuable opportunity for the expression of opinions from the various view points,
the ventilation of problems and obtaining of assistance towards their solution,
and provides in India a pleasant and hospitable meeting ground for the
co-ordination of ideas towards the advancement of the science and practice of
sugar engineering throughout the world.

In the absence of the author the following paper was presented by
Mr. A. K. Bose.

Paper
BOILER PLANT FOR SUGAR MILLS

G. W. SUMMERS
Babcock & Wilcox, Limited, London

In selecting boiler plant for sugar mills two distinct features have to be
considered, namely, the type of boiler and the type of firing equipment. Both
these factors are influenced by some or all of the following considerations :—

(1) Thesizeand type of sugar mill.

(2) The type and quantity of bagasse and auxiliary fuel available.

(3) The type of labour available for operation.
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these have proved uneconomic compared with the installation of an air heater,
quite apart from the fire hazard involved.
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Fig. 4. Tri-drum boiler with horseshoe furnace.

In the large mill, with a substantial steady demand for steam, a more radical
approach can be made in the search for maximum boiler efficiency by adopting
plant of the type shown in Fig. 5. This is a modern design which is suitable for
evaporationsup to 150,000 Ibs./hr.and compriseswbi-drum boiler with a completely
water-cooled furnace set over a Ward hearth. Oil burners in the water-cooled
chamber give full evaporation if no bagasse is available, and a tubular air heater
ensures high efficiency when burning either fuel. Employing such comprehensive
water cooling of the furnace chamber and the arches of the Ward furnace, greatly
reduces the amount of refractory firebrick employed, thus producing greater
availability and consequent saving in maintenance costs, while at the same time
ensuring low heat loss through the boiler casing.

In this type of boiler the quantity of steam generated is high in relation to
the free surface in the steam and water drum and, if dry steam is to be supplied to
the superheater, it becomes essential to employ some means of separating
moisture from the steam. The drum is therefore equipped with a double row of
Babcock Cyclone Steam Separators, which not only act as high efficiency
removers of moisture but also augment the circulation of water within the boiler.

Fig. 6 shows a similar design of boiler equipped to burn either bagasse
or coal. Two types of fuel feeder are mounted in the front wall of the water-cooled
furnace, the lower ones being standard Babcock Detroit Spreader Coal Feeders
and the upper ones air swept spouts, which, by means of a fluctuating air supp.
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Fig. 5. Bi-drum boiler with Ward furnace.
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Fig. 6. Bi-drum boiler to burn bagasse and coal.
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deliver the bagasse over the full length and breadth of the grate, the latter being
of the dumping type. In cases where an auxiliary fuel must be burned and oil is
difficult or expensive to obtain, plant of this type can offer a satisfactory solution
to the problem, provided certain conditions apply. Firstly, it is essential that
feed water of consistently high quality be available : failure to give continual
and careful attention to the water supply to a plant of this type can onlylead to
early tube failures and heavy maintenance charges, which will annul the
theoretical savings in operating costs. Secondly, the more highly rated type of
boiler, with its necessary fans, fuel feeders, motors and instruments, needs to be
operated by adequately trained men. The possibilities for highly efficient working
which have been built into the plant can only be exploited by an intelligent use of
the controls and instruments provided. The old “‘rule of thumb” methods, which
are adequate for operating units of the type described earlier in this paper, can
only lead to disappointment with the more advanced designs. Not only will the
desired efficiency fail to be obtained, but maintenance charges will quickly
accumulate.

When coal has to be used as an auxiliary fuel and the available feed water,
or other conditions, preclude the use of a bent tbe boiler, the same firing methods
as shown in Fig. 6 can be employed beneath a straight tube design, and a plant
of this type isillustrated in Fig. 7.
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Fig. 7. Cross-type header boiler to burn bagasse and coal. .

The problem of ash removal from bagasse furnaces has received considerable
attention from boiler manufacturers with the twin aims of reducing the unpleasant
manual labour involved and also maintaining load on the boiler while ashing is
in progress. The use of continuously moving or, alternatively, intermittently
dumping grates has been shown to be practicable, provided close and skilled
attention is given to the fire, but these systems are not trouble fiee and various
problems still have to be solved. Meanwhile work is continuing on this question.
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One important factor remains to be mentioned. Boiler plant is expected
to last for thirty years or more and therefore the mill owner, when purchasing
new equipment, must try to look ten or even twenty years ahead and foresee
the pattern of development of his mill. Although he may have excess bagasse
today, this condition can easily be changed in the future. If this happens, where
will he turn for auxiliary fuel ? Is the present steam demand likely to grow
substantially ? If so, will the existing supply of raw feed water te adequate ?
Where changes in circumstances are foreseen the boiler and furnace design selected
should be such that suitable modifications are possible when the time arrives and
can becarried out at minimum expense.

We are thus brought back to our starting point. Sugar mill boiler plant
can be designed to meet nearly every combination of circumstances, and in many
cases a number of alternative designs will meet the need, but only the mill owner
can properly weigh all the factors affecting the selection. The best solution in
any specific case will often only be found by close collaboration with an experienced
Boiler-maker.

DISCUSSION

Mr. W. M. Livie asked what was to be considered the continuous rating for boilers with
modern equipment using the Ward furnace.

Mr. Bose replied that for evaporations up to about 30,000 1bs. steam per hour the step-grate
furnace was suitable, but above this figure the Ward furnace had advantages and was to be
preferred. With the step-grate furnace evaporation rates of 4 to 4.5 1bs. per sq. ft. heating surface
per hour gave an economical rating, but with the Ward furnace the figure could be appreciably
higher.

Mr. Livie asked what effect the stepping-up of the rating had on the economical combustion
of bagasse.

Mr. Bose replied that while the step-grate furnace fell off in combustion efficiency as the
evaporation rate was increased, the Ward furnace was much more flexible in this respect and
maintained high efficiency over a wide range of rating.

Mr. J. P. Mukherji mentioned that with high evaporation rates more care had to be
exercised in respect to the quality of the feed water, and that it was generally advisable to provide
chemical treatment for the make-up.

Mr. G. H. Jenkins mentioned that in Queensland the higher rating of boilers resulted in
incomplete combustion and losses from unburned fuel unless secondary air was introduced in
the furnace. By this means it was possible to maintain efficient combustion even when ratings
were increased upto 8 lbs. per sq. ft.

Mr. J. R. Leclezio asked whether air pre-heaters were to be preferred to economisers for
increasing boiler efficiency.

Mr. Mukherji stated that he was in favour of air pre-heaters as these increased combustion
efficiency. As, however, air pre-heaters involved the installation of forced draught, and often
required the provision of water walls to minimise furnace maintenance, he now considered the
equipment too complicated. As the cost of an economiser was about half that of an air pre-heater
system, he now favoured the former. He mentioned that a number of factories in the Deccan
had installed economisers with good results.

Mr. Bose stated that for boilers of small and moderate capacities—up to say 30,000 Ibs.
steam per hour—an economiser is to be preferred, but for larger sizes air pre-heaters with water
walls were the best proposition.
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The Chairman commented that although the evaporation figure based on lbs. per sq. ft.
of heating surface increased appreciably by the addition of economisers and/ or air pre-teaters
with water walls, it had to be recognised that the ancillary equipment in itself added further heat
transmission surface to the plant, and it was therefore misleading to judge ratings by reference
only to the heating surface of the boiler proper. The ancillary equipment also made the plant
more complicated and increased maintenance costs. Under sugar factory conditions it was
often cheaper, and more convenient and flexible for operation, to install an additional boiler
when more steam was required.

Mr. J. O. Sason enquired whether under sugar factory conditions boilers were to be
preferred with straight or bent tubes.

Messrs. Mukherji, Soni, Bose, Livie and Sapra contributed to a discussion on this aspect.
Where there was no serious scale forming, the bent tube type was favoured as this eliminated the
use of hand-hole covers, which were an expensive maintenance item. Where, however, scaling of
tubes was liable to be serious, then the straight tube type was to be preferred as it allowed more
thorough cleaning of the inside tube surfaces. It was also considered that the inclination of
boiler tube was important, and that steeply inclined tube assisted in the draining of sludge to the
mud drum.

In the absence of the author Mr. Jeavons presented the following paper.

Paper

A RECENT DEVELOPMENT IN THE EFFICIENT BURNING
OF BAGASSE

W. C. CARTER

John Thompson Water Tube Boilers Ltd.,
Wolverhampton, England

In 1947 a considerable number of Sugar Factories, particularly in British
Guiana, were operating inefficiently, insufficient bagasse for the steam demand
being available and wood and other fuels teing necessary to supplement the
firing.

At most of the factories under review, the boilers were of the 3 or 4 drum
type, provided with two banks of tubes and fired generally by means of stepped
grate furnaces. The generally accepted basis for rating of boiler plant throughout
the industry at this time was to provide heating surface at a rate of 3 to 3.6 Ibs.
of steam per hour per square foot of boiler heating surface. On this basis factories
handling 90 tons of cane per hour required some 6 to 8 boilers each having a
heating surface of some 6,000 sq. ft.

Mr. Eisner, the Technical Adviser to Bookers Sugar Estates, British Guiana
considered that the above evaporative rate could be appreciatly raised by certain
relatively simple mcdifications to existing types of bagasse furnaces. He
approached the author for his co-operation in the development work, which was
readily given.
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INITIAL DEVELOPMENT

The furnace arrangement proposed is indicated in Figure 1, which is typical
of a number of boiler conversions carried out during the initial stages of
development.

Figure 1.

It will be noted that in general the conception of the arrangement of brickwork
and arches was substantially similar to that in fairly general use with stepped
grate furnaces : the first essential difference, however, being that the fire bars
were replaced by a bed of bagasse—since it was proposed that the furnace should
run full of bagasse (to the angle of repose of the bagasse in the furnace) and thereby
be grateless. It will be appreciated that in effect in this arrangement we had
left ourselves a * back-door , as in the event of the furnace not working to
expectations it would be a relatively simple matter to reverttoa normal stepped
grate ; or even at worst it might be considered as another version of the many
*“hole in the floor ” type furnaces previously employed.

Some further points of explanation are, however, required as appreciably
better performance conditions were expected than from any of these previously
used arrangements. The furnaces or cells utilised the full width of the boiler
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between walls, for example, in the case of a 6,000 sq. ft. heating surface boiler,
12" 2" between walls, two 5’ 6" wide cells were provided with a 14” centre dividing
wall. Forced draught was arranged as indicated at the front and rear of each
cell, with provision for secondary and tertiary air also under pressure. It was
quite confidently expected with the width of cells employed and the burning area
provided, coupled with the employment of forced draught, that an increase in
rating of the boiler of some 509, would be obtained and that if hot forced raught
was used even higher ratings might be obtained.

A further feature visualised in this original arrangement was an endeavour
to make the furnace self feeding, the intention being to dispense with any regulation
of the bagasse whatsoever at the carrier and simply to control the output from
the boiler by regulation of the forced draught. This requirement meant, as
stated, keeping the furnace full of bagasse at all times and the ensurance of this
by an adequate system of feed chutes—rotary type feeders being disregarded
as not in reality constituting feeders, but teing at test only a poor form of air
excluder and certainly not ensuring continuity of feed automatically with the
evaporation. [t was considered that simple chutes from the furnace mouths
to the opening in the carrier, maintained full of  agasse at all times would not only
effectively exclude all air from entering the furnaces at these poiats but if arranged
at an angle equal to or greater than the natural angle of repose, would also feed
by gravitation.

TRIALS AND RESULTS

When the first unit was commissioned all the predicted burning performance
was easily obtained, it was found possible to run from one week-end to the next
without cleaning the furnace or combustion chamber, so that bciler cleaning
could be carried out at the same time as evaporator cleaning. Further, due to
the moderate ratings and temperatures in the furnace, little slagging was
experienced, this being generally local to the burning line and in the top of the
furnace due to the furnaces not being maintained full of bagasse at all times.

CRITERIA FOR SELF FEEDING

This required feature of self feeding to ensure a full furnace of bagasse
was found to present a number of difficulties. The first chutes tried connected
the carrier opening to the furnace opening at approximately constant area, and
since these openings were at right angles it meant that the bagasse had to be
turned through.90 degrees in falling down the chute. This the bagasse refused
to do of its own volition, and considerable investigation took place regarding the
correct arrangement of feed chutes to ensure self feeding. These investigations

indicated the following necessary characteristics for self feeding chutes for
bagasse :—

(1) The chutes must diverge on ALL sides from the carrier opening to
the furnace opening.
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(2) The inside of the chute must be completely free from obstructions of
any kind, even bolt heads must te avoided, otherwise bridging will
occur and self feeding stop.

(3) Minimum angle of any valley angle of chutes must be 55 degrees to
horizontal.

(4) No attempt must be made to turn bagasse in any direction, either
sideways or vertically.

(5) Uniformtake offfrom carrier must be achieved by staggering feed chutes.

Following these investigations it was found possible to provide chutes

which would * self feed ’ the furnace and so ensurc a rate of flow of bagasse in
accordance with the burning of the fuel in the cell, which was in turn dictated
by the forced draught supplied in accordance with the boiler load. One control
only for evaporation had therefore been achieved.

The success of the burning characteristics of the furnace and the simplicity

of its self feeding features indicated a wide application in the cane sugar industry,
and consequently patent protcction was taken out.

SECOND STAGE IN DEVELOPMENT

Fortunately at about this time Mr. Eisner had in hand the complete
reconstruction of an old sugar factory in British Guiana and it was decided as
a result of the success experienced with the THOMPSON-EISNER furnace
(as the new furnace was now called) that appreciable reductions in the amount
of l?oiler plant provided could be made. It must, however, in full record of

Figure 2.
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the facts be stated that, although the existing milling plant, etc., was being used,
substantial steam economies were also being effected by the reconstruction.

The plant was originally 6—6,000 sq. ft. boilers together with a similar
boiler for the attached distillery, and the throughput was some 90 tons of cane
per hour. It was decided to maintain the same throughput but to reduce the
number of boilers to 3 (same units), together again with a similar boiler for
the distillery.

It will be readily realised that this meant that the rating of the boilers for
the factory was to be approximately double, i. e., to some 6/7 Ibs. of steam per
sq. ft. per hour. At the same time the operating pressure of the boilers was increased
from 160 p.s.i. to 200 p.s.i. to allow back pressure turbines to be installed for
electricity generation.

Although the original results were so satisfactory, it was decided in this
next stage to make provision for air heaters on two of the units in case the ratings
predicted were not obtained at a satisfactory boiler efficiency with cold forced
draught, and Figure 2 shows the arrangement installed ; the provision at the
rear of the boiler for the later installation of air heaters, if necessary, will readily
be seen. The twin staggered feed chutes per boiler, taking up the full width
of the carrier are also indicated, these chutes also, of course, open out from the
carrier opening to the furnace mouthpiece in the direction of the carrier, i.e., in
the boiler width.

CONFIRMATION OF PREDICTIONS

The remodelled factory went into full commission some four years ago
and itis gratifying to report that all the economies predicted in the steam utilisation
side were realised and that the steam production from the boiler plant on bagasse
alone was more than adequate to meet all demands without necessity to resort
to supplementary wood or other firing. Therefore, due in large measure to the
steam economieseffected in the factory, 1t has not been necessary to effect economies
in bagasse consumption by improving the boiler efficiency and so the air heaters
havenotbeeninstalled;in fact, surplus bagasseis now becoming an embarrassment.

Further, due to these economies, it has been found that the actual rating
on the 3 factory boilers on full load throughput of 90 tons of cane per hour,
is only of the order of 6 lbs. of steam per hour per sq. ft., and consequently on
occasions it has been found convenient and easily possible to run the factory on
2 boilers only, and this was readily demonstrated during a recent visit to the
factory. Thismeans, of course, that the boiler rating was atleast 8 ; the percentage
of fibre in the cane at this factory is usually, on yearly average, 12 to 13.5.

The success of this installation confirmed most positively and conclusively
the experiences recorded in a number of other boiler units of all types to which
T. E. furnaces had been adapted. ~We therefore decided to prosecute the
installation of this particular furnace on all new and projected boiler plants for
sugar factories,
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It will be noted that the boiler is provided with a large main bank of tutes
and water walls which are remote from the actual furnace itself. This arran gement
of boiler, with its appreciable reduction in brickwork, is known to be very flexible
and capable of rapidly meeting load fluctuations, and this has proved the case
when adapted to bagasse firing, particularly when fitted with T.E. furnaces, due
to the very marked flexibility of the furnaces to meet load demands, coupled with
the appreciable store of bagasse in the furnace itself and associated feed chutes,
which in most cases amounts to a supply of bagasse of some 20 minutes
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steaming, Thus temporary stoppages due to cane chokages, etc., have been
accommodated without undue difficulty.

A suggested draw-back to this type of unit in this same connection is often
suggested, namely, its lack of thermal storage to meet sudden load demands.
Theoretically speaking, assuming the feed can be burnt at all times in accordance
with the load demands, then the actual thermal storage of the boiler is unimportant.
However, as will be stated later, this point of view has received consideration
although it will be appreciated that fitting a furnace with almost instantaneous

Figure 5,
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response to load demands has rendered this consideration more or less unnecessary.

Particular attention is also drawn to the height of the combustion chamber
provided, this has proved very successful in minimising grit carry-over and although
grit re-firing is generally provided, this has not always been found necessary.

Over 100 furnaces have now been supplied to existing and new boilers
and one of the latest arrangements of boiler and T.E. furnace in the course of
manufacture is shownin Figure 4. This unit is one of two being supplied to
two reconstructed factories in British Guiana in consultation with Mr. Eisner.

It will be noted that in the interests of economy the overall height of the
unit has been reduced compared with Figure 3. A further point is the arrangement
of the superheater which, with its simple straight tubes, should facilitate general
cleaning both internal and external, and reduce maintenance. The furnace
arrangement is also simplified to facilitate the accommodation of feed chutes,
and, equally important, the whole of the cell brickwork has been arranged
independent of the main boiler brickwork, so that in the unlikely event of furnace
brickwork renewals being required, it will not be necessary to disturb water wall
tubes or boiler brickwork etc. This is more clearly indicated in Figure 5.

One final point in regard to the boiler shown in Figure 4, is that this is for
the same duty and has approximately the same heating surface as the boiler shown
in Figure 2, the water capacity of the 2-drum Integral Boiler is 22 tons compared
with 21.4 tons for the 4-drum Beta.

ASH DISPOSAL

Reverting to Figure 5, it will be noted that the bottcm of the furnace is
shown in the form of a dump grate, instead of being constructed in refractory
as on all previous units. It has already been stated that the furnace capacity
is such that the units can remain in service from one week-end to the next without
ashing being required. Some factories, however, particularly those with standby
evaporators and refineries intend operating continuously and this new feature
is included to make this possible without resorting to the complications of spreader
stokers, etc.

The dump grate is not intended to take any part in the burning of the bagasse
and the simplicity of the general furnace design is maintained ; it will te possible
to discharge ash from the furnace, however, at regular intervals without interfering
appreciably with the boiler operation as the main and furnace cleaning doors will
be shut when the grate is operated the forced draught shut off and no excess air
will enter the cells as is so common on most other types of furnaces. A photograph
of the first of the dump grates is shown in Figure 6, and itsinstallation and operation
is awaited with considerable interest and confidence.
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Figure 6.

FINAL ASSESSMENT

It is hoped that this account of the development of the Thompson-Eisner
Furnace will be found of interest and indicate its potentialities. The most
important advantages may be summarised as follows —

L.

By careful attention to the shape of the furnace and its associated feed
chute, the furnace is self-feeding and accordingly one variable in the
operation of the unit is eliminated, namely, the necessity to control
the feed of bagasse to the boiler. It is therefore only necessary to
control the air to the furnace to control the rating of the unit, contrary
to all other furnaces where it is necessary to control both the bagasse
and the air. Further, since the feeding of the bagasse is automatic,
no so-called rotary feeders are necessary ; these, in fact, are not feeders
atall but merely air excluders.

The burning area of the T.E. furnace is the inclined face of the
wedge and not a cone as is common with all other horse-shoe or cell
type furnaces. Due to the fact that air is only admitted at the front
and rear of the furnace and not at the sides, the burning area possible
in a given width is greater than with similar furnaces. This means
that if the same quantity of bagasse is burned, the carry-over from
the fuel bed is reduced owing to the lower rating or, conversely,
higher outputs may be obtained.
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3. Most sugar factories, particularly in the West Indies, shut down one
day per week for evaporator cleaning, the capacity of the T.E. furnace
is such that under normal operation the furnaces will operate from
one week-end to the next week-end without the necessity for intermediate
cleaning. This is contrary to actual operating experience with all
other types of cell, hearth or spreader stoker firing. In the case of
the cell and stepped grate applications, cleaning of the furnace is
necessary every 8/16 hours, depending on load conditions. In the
case of spreader stoker firing, unless of the continuous discharge type,
ashingand removal by hand, with resulting reduction in load, is necessary
at least every shift.

4. Consideration of the T.E. furnace together with its associated feed

chute will indicate the reason for the increased periods which the
furnace can run without the necessity for cleaning. The ash which
is formed during combustion (this must inevitably collect despite the
claims of makers of many other types of bagasse burning equipment)
collects in the bottom of the furnace, and as this is relatively large
a considerable amount of ash can accumulate in the furnace before
interference is experienced with the combustion conditions.
It will also be appreciated that the relatively large storage capacity
of the T.E. furnace and its feed chute gives some reserve for temporary
interruptions in the supply of the bagasse to the toiler, due to the
difficulties sometimes experienced with the bagasse carriers and milling
plant. Depending on the load on the unit, a reserve of fuel of up to
20 minutes is available. This is appreciably greater than with any
stepped grate, horse-shoe or cell type furnace, and, further, represents
a substantial advantage over the spreader stoker installations, in which
case if the bagasse fails for two minutes or more the load must be
immediately reduced on the boiler or supplementary firing adopted,
otherwise the pressure falls rapidly.

5. Due to the attention paid to the design of the furnace, namely, its
simplicity (which is a fundamental point in all good designs) mechanical
operating parts such as rotary feeders, spreaders and throwers are
unnecessary. The maintenance of the furnace, therefore, is practically
negligibleandis onlyinrespect to the brickwork.
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DISCUSSION

Mr. O. M. Henzell asked whether with the Eisner furnace there was a danger of fire due
to the blow-back of flame should the feed chute become temporarily emnty.

Mr. Jeavons replied that as there was a negative pressure in the combustion chamber there
was little danger of blow-back.

Mr. A. K. Bose asked whether there was any control of the bagasse by means of furnace
doors.

Mr. Jeavons replied that the feed chute was maintained full of bagasse and led directly on
to the sloping heap in the furnace. The amount of bagasse flow was regulated by the rate of
combustion from the heap inside the furnace.

Mr. W. M. Livie enquired about the draught to be used with the Eisner furnace.

Mr. Jeavons replied that 1” water gauge draught was adequate, and that if higher draughts
were used there was liability of holes being blown through the bagasse mass. He also mentioned
that six Eisner furnaces were operating in Pakistan, and one in India.

Mr. Jagjit Singh enquired regarding the evaporative rate obtained by installing Eisner
furnaces

Mr. Jeavons replied that in certain cases an increase had been obtained from 3.5 to 6 1bs.
per sq.ft.with verylittle lowering of boiler efficiency.

Mr. J. R. Leclezio enquired about the angle of inclinaton of the bagasse chute.

Mr. Jeavons stated that the minimum angle should be 70°.

Mr. Livie asked what was the gas temperature in the combustion chamber.

Mr. Jeavons stated that this was about 2,000°F.

Mr. S. K. Somaiya enquired whether the furnace was liable to heavy clinker formation,
and whether it waseasy toclean.

Mr. Jeavons stated that the furnace could work continuously for seven days, and that
thereafter it might take 7/8 hours for complete cleaning. For ash removal only 2/3 hours would
be necessary. He referred to the new type of dump grate described in the paper which enabled
the furnace to remain in continuous service. He stated that the walls of the furnace are cooled
by the incoming air, and that there is very little clinker formation on the walls themselves.

Mr. JagjitSingh then presented his paper.
Paper
ECONOMIC UTILIZATION OF BAGASSE IN SUGAR FACTORIES

JAGIT SINGH
National Sugar Institute, Kanpur, India

One of the problems of the Indian Sugar Industry is excessive fuel
consumption in sugar factories. In most factories not only is the entire bagasse
consumed in the boilers but extra fuel is also required, thus increasing the cost
of production of sugar. In most cases by appropriate investigation considerable
fuel economy can be effected, and the profits of the factory thereby substantially
increased.
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IMPORTANCE OF HEAT BALANCES

In order to have efficient use of fuel in a sugar factory the first step is to
strike the heat balance between the production of steam in the boilers and
consumption of the same for power production and processing. This would
generally bring to light extravagant processes and practices, so that measures for
substantial steam saving can be drawn up.

SURVEY OF FACTORIES

In order to collect the necessary data for striking the heat balance a systematic
survey has to be conducted in the factory. During the period of survey, accurate
recording of temperatures, pressures and vacuum, and metering of steam and
water used and condensates returned during various manufacturing processes,
have tobedone. A completerecord of steam generated in the boilers and quantity
of fuel consumed has to be maintained and the percentage of steam passed through
power generators and the portion that is directly supplied to processing have to
be determined. The total power developed to drive the various power consuming
units has to be ascertained. For the purpose of the survey, complete set of control
instruments and testing equipment and whole time attention by a competent
staff of engineers are required. The Fuel Economy Scheme sponsored by the
Government of India, Ministry of Food & Agriculture and working at the
National Sugar Institute, Kanpur is doing this useful service to the Industry
since 1948. All the meters and testing equipment required for the purpose of
survey are carried by the surveying staff. Complete surveys in about 6 to 7
factories are conducted in each season by installing the testing equipment and
collecting the necessary data.

As the processing in a sugar factory is subjected to uncertain variations,
the working data are collected for a period of 8 to 10 days in each factory and
overall average figures are used for the preparation of heat balances. But the
drawback with average figures, is that these do not give any indication regarding
the fluctuations and variations in consumption occurring during processing.
The allowance that is required to be made for fluctuations in preparing the
specification and design of the machineries for balanced working will be discussed
later.

OBSERVATIONS MADE DURING SURVEY

The survey carried out in 45 sugar factories in the last seven crushing seasons
had revealed some important facts. It has been found thatevaporation in the
boilers in the case of semi-electrified plants varied from 55 to 70 percent on cane.
In completely steam driven plants, the evaporation varied from 70 to 90 percent
on cane.

In most of the sugar factories, not only the consumption of steam was much
above the normal but the steam generating plant efficiencies were found to be
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poor and evaporation rate per sq. ft. of heating surface low. The mill extraction
and boiling house efficiencies were below normal.

In Northern India the average fibre in cane is high (about 16 percent) ;
yet, most of the sugar factories have been consuming considerable amount of
extra fuel (wood and coal) in addition to burning all the bagasse produced. The
causes of such abnormal working have been summed up below.

The expansion of the sugar industry in India in 1932 was most phenomenal
due to protection given to the industry. Many industrialists in their eagerness
to get plants quickly did not take advantage of the experience and knowledge
that were available in other countries and accepted whatever type of plants were
offered to them by the manufacturers. Greater emphasis was laid on cheapness
than on proper design. The result was that cheap units were supplied which
were large steam consumers with the result thatthe exhaust steam became
practically uncontrollable.

The second factor which was responsible for unbalanced working condition
was that in most cases it was found that plants installed had too small a capacity
to handle all the cheap cane that was available near the factory. In order to
increase the crushing, only the boiling house capacity was extended and mills were
worked to crush double their rated capacity without making any alterations in
design for high surface speeds etc. The result was that moisture in the bagasse
produced was high due to which the calorific value of fuel was decreased which
resultedin furtherinefficiency in the generation of steamin the boilers. Although
some improvements in milling efficiencies were made by taking expert advice
on proper settings, trash plate profiles, mill grooving, hydraulic loads, speed of
mills, method of maceration etc., satisfactory results could not be achieved since
the normal horse power per ton of fibre and maceration percent fibre were not
available due to capacities of mill enginesand evaporator capacity beinginadequate.

While many additions and alterations were made to the plants, the steam
and exhaust mains were not altered appropriately ; consequently, a high pressure
drop occurred between boiler and theindividual power units and high local exhaust
pressures were developed in exhaust mains. As a matter of fact, each factory
had its own problems due to faulty layout, operation etc.

It was noted during survey that in some of the factories highly superheated
steam was used for energy production with the result that exhaust steam retained
sufficient superheat. There was a general impression in the mind of technical
staff of those factories that the higher temperature ‘of superheated steam should
make it moreefficient than saturated steam (at the same pressure) for processing.

The factories were advised to desuperheat steam before using it for
processing. The following discussion would show that there was no advantage
in using superheated steam which on the other hand retarded the delivery of heat.

While superheating increases steam temperature considerably it adds little
to the total heat. Although it increases the heat content per lb., superheat makes
the steam expand, so that the heat content per cubic ft. is less than that of saturated
steam at the same pressure.
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The high heat transfer coefficient of condensing steam is caused by the
turbulence resulting from the large change in volume during the condensation
from vapour to liquid. Superheated steam would take some time tefore it loses
its superheat. Over that region of the calandria wherein the condensation does
not occur the heat transfer coefficient would te low, thus the efficiency of the
evaporator wouldcome down.

RESULTS ACHIEVED

Based on data obtained during survey and the heat balance, recommendations
were made regarding the improvements needed in the operation as well as
regarding the additions and alterations necessary.

As a result of this extension service to the industry during the past seven
years, very teneficial and encouraging results have been achieved and the factories
which were consuming large amount of extra fuel such as wood and coal, have
now become self-sufficient on tagasse and in some cases bagasse has tecome
surplus and is being used to effect an improved working of plant, with a veiw
to increase the profits.

As the Government of India have given permission for the installation of
quite a few new factories and for the extension of some of the existing plants
under the Second Five Year Plan to meet the increasing demand of sugar of
country, it would be advantageous to discuss in this paper the necessary
conditions for designing a sugar factory for economical working by taking a
practical case of factory having balanced working, where power was developed
as a by-product from steam in meeting the demand of processing.

Steam requirement for power production and processing. Sugar factories
usc power and heat. The demand of heat for processing is fairly high. If steam,
on its way to the hLeating processes is passed through an engine or turbine
having high thermal efficiency, the necessary power required to drive the factory
can be produced as a ty-product from high pressure steam generated in toilers
without any appreciable increase in fuel consumption, and exhaust would be
available for processing. [t contains the total original amount of heat less the
small amount used for power generation and radiation losses. In this connection
it is important to note that variationsin the energy requirements of the different
factories are inconsiderable ; but the production of exhaust steam can vary
considerably since the steam consumption per H.P. hour varies very widely
depending on the thermal efficiencies of the energy units installed. For the same
amount of energy production the exhaust production in a factory where individual
steam units are installed would te much higher than in a factory where energy
is produced centrally by efficient electric power units and various individual
loads are run by electricity. When exhaust produced exceeds the requirement
of processing the exhaust would blow out to atmosphere. Since blowing of
exhaust steam means wasting of valuable heat, it has to be prevented. If the
selection of the prime movers is made such that the average steam requirement
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of processing is passed through the prime movers in generating the required power
for driving the factory, it would lead to frequent blowing off of exhaust steam
during slack demand periods and use of large amounts of live steam during the
peak periods. In a properly balanced factory in which power is produced as
a by-product from steam used in processing it is necessary that under normal
working conditions exhaust should not blow out to atmosphere. In order to
satisfy this condition the factory must be designed so that there is a certain margin
available between the average requirement of prime movers and the average
quantity consumed in processing. In order to clearly specify this margin which
would not permit exhaust to blow out to atmosphere the nature of fluctuations
in demand of processing has to be studied.

In order to work out the above,

I. the steam demand for processing,

II. the total power requirement of factory, and

HI. consumption of steam per H.P. hour will be discussed by taking a
particular case of a factory which had economical working.

STEAM REQUIREMENT FOR PROCESSING

When exhaust is not blown off, the problem of heat balance is to make a
balance between the heat recovered in steam from the combustion of bagasse
and consumption of same by the plant for :—

(1) Power

(2) Heating of juice

(3) Evaporation

(4) Pan boiling

(5) Miscellaneous heating and washing requirements, and

(6) Radiation losses.

The heat balance of the heat that is recovered in steam from the combustion of
bagasse will be discussed later.

To facilitate comparative study of the heat balances of the different factories,
the heat requirement of each operation is expressed in terms of the weight of
steam condensed from and at 212°F. One Ib. of steam gives out 970 B.T.U. on
condensation,

Heat of vapourisation or latent heat decreases as the exhaust pressure
increases. So, the actual steam consumption of processing units working at
higher exhaust pressure than zero Ib. gauge would increase in the inverse
proportion of their latent heats.

In order to discuss the conditions for economical utilization of bagasse
we take the case of a particular factory which was crushing about 1070 tons of
cane per day, i.e.,about44.6 tons cane per hour. In this factory steam consumption
was 58 percent on cane and exhaust did not blow off to atmosphere. Mills
were driven by drop valve engines and the rest of the units were electric driven.
The electric power was generated centrally by power units having high thermal
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efficiencies to drive the individual electric leads. Live steam was generated in
boilers having 160 Ibs. per sq. inch maximum pressure which were fitted with
superheaters to superheat steam to 150°F. The radiation losses in this factory
were low as the equipment was arranged in a compact way. The live steam lines
from the boilers to the power house and Mill Engines were short as were also
theexhaust lines from the power house and Mill Engines to the boiling house.

In these calculations, it is assumed that in this factory the whole of the
steam generated in boilers was available for processing.

The necessary power was generated by the adiabatic heat drop in steam
in the power generators from steam pressure and temperature obtained at the
engine stop valve and dry or overheated exhaust was obtained for processing
at the exhaust pressure maintained in the exhaust main. This point would be
further clarified when we discuss power units.

The working of processing units was under strict control as for example
regarding the water uscd for dilutions of juice, syrup and molasses etc., at various
stages of processing.

Average canecrushed per hour was 100,000 Ibs.  With 19 percent maceration
on cane the mixed juice was 85%, on cane. The initial temperature of raw juice
was 70°F. The normal conditions of working of boiler pressure, exhaust and
vacuum were 145 p.s.i.g., 150° F. overheated steam, 5 Ibs. dry or slightly
superheated exhaust,and26” vacuumrespectively.

The performances of boilers in this factory was quite normal. 58000 Ibs. of
steam was generated per hour and about 25000 [bs. of bagasse having 48.5
percent moisture was consumed per hour. The efficiency of the generation plant
was 60.5 percent on gross calorific value of bagasse. On the average about
9000 1bs. of bagasse per hour was being saved. The heat balances for consumptions
of steamin the factory and generation of steam in the boilers are discussed below.

1. Power. Sufficient power must be generated to meet the demand of
crushing and boiling house requirements. The corresponding heat equivalent
of this power is calculated.

The actual power requirements of a factory may vary considerably with
the general layout of the plant and operational units installed but the following
formula gives a fair average. The hourly consumption of energy in K.W.
corresponds to the amount of cane in tons crushed daily. So the necessary power
required for a factory crushing 1070 tons cane per day is 1070 K.W. or 1435
H.P. Taking 2546 B.T.U. as equivalent to one horse power-hour, the heat
cquivalent of 1435 H.P. hours is 36,53,510 B.T.U. per hour which corresponds
to the condensation of 3760 Its. of steam from and at 212°F. per hour. This
corresponds to 3.76 9%, steamon cane.

The steam which has passed through the power units is available as exhaust
steam and contains the total original amount of heat less the small quantity used
for power. It is of course further diminished by radiation losses in the power
units for which allowance must be made. If the exhaust is superheated its
temperature would be high. The difference of actual temperature of exhaust
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observed and temperature that corresponding to saturated steam pressure of
exhaust would give thesuperheatin exhaust.
The steam consumption of the processing is given below :—

2. Juice heaters 13480 Ibs./hr. steam
3. Quadruple effect ... 15300 ., "
4. Vacuum pans 20420 "

(Note :—Steam requirement of the pans  Total 49200

is discussed under head (4) below.)

To this is added steam consumed in

5. Heating miscellaneous 5800 lbs./hr. steam

6. Radiation loss 3000 , "

(Note :—Item Nos. (5) & (6) are Grand total 58000

discussed below in their serial order)

Heat diagram is shown in sheet No. 1 (for processingsteam).

Vacuum pan boiling. The average demand of vacuum pans station was
20420 1bs. per hour, but actually serious oscillations in steam demand occurred
between wide limits. The fluctuations and variations in steam consumption
on the pan floor are due to followingreasons. In the first place thereis a tremendous
difference in steam consumption between the beginning and end of the strike.
In the second place different boilings have got widely different steam
consumption depending upon the purities brixes and viscosities of massecuites.
In the third place on discharging or cutting over a pan the steam is completely
cut off from that pan. The most extravagant steam consumer is the graining pan
because the density of syrup is low during the initial stages of boiling. The
evaporation is extremely rapid and the steam consumption correspondingly
high. The vicious part of it is the fact that the pan will use an enormous amount
of steam even though no pressure is recorded in the calandria.

The average consumption of steam in pan boiling was found by actually
metering the condensates from pan station.

Bad pan floor work can make all the difference in steam consumption in
spite of all the precautions in other directions. With proper control of work
at pan station the fluctuations in demand would still be plus 50 percent to minus
50 percent.

With average consumption 20,400 lbs, /hr.

Maximum demand would be 30,600 Ibs. /hr.

Minimum demand would be 10,200 Ibs. /hr.

The fluctuations on the total steam demand of processing would be less
because the steam demand of heating and evaporating units is more or less of
constant nature at normal working.
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Max. rate Min. rate Average steam

Ibs./hr. Ibs. /hr. consumption
Ibs. /hr.
Juice heating 13,500 13,500 13,500
Evaporation 15,300 15,300 15,300
Pan station 30,600 10,200 20,400
59,400 39,000 49,200

The minimum demand of exhaust steam at normal working would be 39,00(
Ibs./hr. Total $feam demand of factory under consideration was 58,000 Ibs. /hr
This shows that if 679, of steam produced by the boilers is passed through the prime
movers, no exhaust would be blown during the valleys in processing steam demand

(5) Miscellaneous Heat Demand. Under the head of miscellaneous livet
steamrequirement for heating purposes tk.e followingitems are of importance.

1. Steaming of mills and carriers and tanks etc.

Steaming of filter presses for drying the press cake.

Washing and calendering of press cloth.

Steaming and washing of pans.

Heating of syrup, molasses and for remelt of sugar.

Steaming of C. F. machines for sugar drying.

Heating of air for drying sugar on grasshoppers or in sugar driers

Out of these, steam used at filter press station and sugar house is generall)
metered. Steam requirement for miscellaneous heating has been estimated a
5800 1bs. /hr.

(6) Radiation loss and steam leakages. One of the greatest difficultie
with which steam user is faced in ottaining the maximum thermal efficienc
from his plant is the loss of heat by radiation through the plates of boilers, stean
pipes etc. This is a great disadvantage possessed by steam plant and whicl
cannot altogether te avoided. But in order to reduce this disadvantage to ¢
minimum the boilers and steam pipes Lave to te properly lagged with a suitabl
non-conducting composition. The layout of the factory has to be so well designe
that ininimum length of steam pipes are used to keep radiation loss to a minimum

The other disadvantage associated with it is that this dissipation of hea
causes a certain amount of steam to condense and form water in pipes. The
condensate thus formed has a serious feature that the water is carried alon;
the pipes and if not drained would enter into cylinder of an engine and seriou
break down may result. When the condensate from the pipes or processin;
equipment is discharged through cocks, usually steam escapes along with it anc
heat loss occurs through steam leakages. Much loss of heat in every factor:
occurs due to faulty system of the draining of condensate. During the surve
of factories in order to reduce this loss to a minimum and efficient operatiot
of processing units the problem of quickly draining of condensates and efficien
trapping of steam was studied thoroughly and suitable recommendations wer:
made,
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THE POWER REQUIREMENT OF A FACTORY

It has already been pointed out that for a given capacity, variations in power
requirements between differently equipped factories are rather small whereas
the production of exhaust steam can vary considerably because of the large
variations in the thermal efficiencies of the energy units installed.

The total power required in case of the factory crushing about 1070 tons
of cane daily would be 1435 I.H.P.

It has already been shown that only 39,000 Ibs. of dry saturated steam at
5to 7 Ibs. per sq. inch gauge would be the requirement of processing during
the valleys in demand. In order that exhaust at no time should blow off to the
atmosphere, that means all the energy required for driving the factory should
be produced by 39,000 1bs. of steam per hour in the prime movers while working
with the limits of pressure available at the stop valve of the engine and exhaust
pressure. Further it is assumed that no loss in weight of steam had occurred in
prime movers and exhaust steam is obtained dry saturated, or slightly overheated.

In order to determine the conditions of steam at the engine stop valve and
thermal efficiencies of the prime movers to be installed to achieve the above stated
desired results at specified back pressure, the following discussion would be
interesting.

THE STEAM CONSUMPTION PER H.P. HOUR

39000
1435
of about 1070 tons per day capacity.

Assuming a back pressure of 10 p.s.i.g. we shall have to find out pressure
at the engine stop valve and degree of superheat in steam and the thermal efficiency
of the prime mover so that above rated consumption of steam is obtained per
I.H.P. hour.

Assuming an efficiency ratio of 0.7 (drop valve engines to drive the mills
and multi-stage turbine to drive the central power house), the steam pressure
ought to be 130 p.s.i.g. and the superheat should be 120°F. at the mill engines
and turbine stop valves. Consumption of steam would be about 26 to 27 lbs.
per H.P. hour and the exhaust from the power units would be slightly superheated.
Since the exhaust would be slightly superheated, no loss of weight of steam would
take placein the power units.

Taking into account the pressure drop from boilers to mill engines and
turbines and as well as the variation in boiler pressure, the boilers should be
capable of giving steam ata maximum pressure of 160 p.s.i.g. and 150°F, superheat.

Turbines as Prime movers. Several unfortunate instances have indicated
the need for competent and careful examination of the effects of various types
of turbine units on the economy of each particular factory in order to avoid
undesirable results. In the examination of costs of turbines it isusually found

Steam power ratio— =27.18 1bs. /hr. per L.H.P., for a balanced factory
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that the larger the unit the lower the cost becomes per H.P. If the units are
of sufficient size it is usually possible to afford at a small additional expense,
such features as automatic governing with sectionalised nozzles which assure
maximum economy. Many manufacturers do not have sufficient demand for
thisdevice on their smaller units.

Simple curtis turbine of 1000 H.P. capacity has efficiency ratio 0.5 and
steam consumption 36 lbs, per H.P. while working within pressure limits of 130
and 7 ps.i.g., using saturated steam. It costs Rs. 80,000/- only F.O.R. Indian
Port, where as a multi-stage turbine of combined impulse and 28 reaction stages
of same capacity working between same pressure limits has steam consumption
of 26 1bs. per H.P./hr., and it costs Rs. 2,30,000/-. So in order to have balanced
working it is worth while to have a costly machine with the lower steam
consumption than to go in for a cheap machine.

The general tendency during the last four years has been for electrification
of the auxiliaries with the installation of cheap curtis turbine-alternator set. This
change over has not teen very teneficial tecause firstly, curtis turbine steam power
ratio is high and secondly, the consumption per H.P. hour increases further
tecause the turbine is made to run on half load as only part of the steam units
are replacedin the firstinstance by electric driven units.

Steam : power ratio of high speedvertical engines. In sugar factories in India,
mostly boilers of 160 maximum p.s.i.g. are installed and crushing capacities are
30 to 40 tons cane per hour. We believe that normal scheme for changing over
the existing steam driven plants to semi-electrification should te in two stages
by the installation of high speed vertical steam compound engines of about 400
to 450 B.H.P. coupled to alternators.

Steam engine driven alternator set comprising one 275 K. W., 3 phase, 50
cycles, 400/440 volts, 375 r. p. m. alternator directly coupled to steam engine of
good make such as of the Belliss and Morcom 400 B.H.P. compound steam
engine working at a steam pressure of 120 p.s.i.g. at the stop valve and 10 p.s.i.g.
back pressure while using 100°F. superheated steam, consumes steam only 23.4
Ibs. per B.H.P. per hour at full load.

A factory crushing 35 tons of cane per hour needs about total power 1150
B. H.P. to run the factory. Mills require about 425 B.H.P. and rest of the
units 725 B. H. P. Sotwo, 400 B. H.P. steam engine alternator sets of above
stated specification can develop all the power needed to drive the factory excepting
the Mills under the semi-electrification scheme. In the first stage only cne steam
engine alternator set may te installed and steam units having low thermal
efficiencies suchas Duplex pumps and individual small steam engines driving the
auxiliaries should be replaced by electric C. F. pumpingsetsand motors etc.

Full scheme of changing over steam driven plants to semi-electric drive
were prepared for a number of factories on the above suggested lines. It was
observed that by implementing the recommendation that were made for the
first stage, the factories saved considerable amount of bagasse. The plants were
completely balanced when the recommendations were fully implemented by the
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factories by changing over the existing plant to semi-electric drive and no loss
of steam through the roof occurred under normal working conditions and total
steam requirements of these factories was about 60 percent on cane.

In the case of a factory of 1070 tons capacity a day, the team consumption
of which has been discussed in detail in this paper, we have assumed that
concentration of juice was done in standard quadruple effect. In case a new
factory is installed of same capacity in which the scheme of processing is followed
as shown on page 38 in which vapours are bled from all the bodies for juice heating
and loss through condenser is reduced to minimum, the steam demand of the
processing would te reduced by 89, on cane which would necessitate that energy
should be generated more efficiently, due to 67 percent margin maintained between
the average consumption of factory and prime movers for economical working.
The question now again would arise how far the steam pressure must be
increased to meet this reduced steam consumption per B. H. P. hour

ie., 33300 = 2334,
1435

In the new factory of 1070 tons crushing capacity that may be installed
it would be necessary to install boilers of 250 p.s.i.g. with steam temperature
650 to 700°F. and multi-stage turbo-generator set of 1000 K.W. capacity. Thus
this machine shall have spare power of bout 200 to 250 K.W.

Turbo-alternator should be of the back pressure type but with a surface
condenser so that the machine can be run partly or fully as a condensing turbine
according to the demand for processing steam. A machine of this type may
cost about Rs. 3,00,000/- complete with its condenser and auxiliaries. Its
steam consumption at full load with 10 p.s.i.g. back pressure and 26 in. vacuum
would be 22 Ibs. per K.W. hr. and condensing 17 Ibs. per K.W. hr.

B. Steam generation plant efficiency. It is a standard practice to judge
the merits of a furnace and efficient combustion of fuel from the heat balance
of the boiler unit.

In the practical case of the factory under review which was crushing about
44.6 tons of cane per hour and had balanced working, the generation of steam
in the boilers on the average was 589, on cane. The boilers are installed with
improved design of furnace, which was prepared by the Fuel Economy Section
of this Institute. The design of boiler furnace has been shown on page 41.

From the furnace tests made during the past seven years it is concluded
that with proper design and control effective combustion may be obtained with
cold air and with simple and comparatively inexpensive settings and good
combustion is the main requirement for obtaining high boiler efficiency together
with high evaporation rate. In the boiler furnaces constructed according to
the improved design prepared by us, it was possible to complete the combustion
with low excess air. The high temperatures in the combustion chamters were
developed due to adequate volume of combustion chamber and restricted opening
provided for flow of gases into the chamber under the boiler tubes, by long screening
area provided by baffles at the rear end of combustion chamber. Due to intimate
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mixing of gases and air high temperatures in the combustion chamber were
developed. The unburnt carbon particles entering the combustion chamber were
completely burntand * fly ash * loss was completely eliminated.

Older designs with small combustion volumes and low fire bridges were
found to give high losses of both sensible heat in flue gases and solid unburnt
fuel and gases.

The maximum and minimum demand for steam in a factory of 1070 tons
capacity per day under discussion are given belew :—

The average crushing rate 1,00,000 1bs. /hr.
The average demand of steam 58,000 Ibs./hr.
Rate of minimum demand 47,800 1bs, /hr.
Rate of maximum demand 68,200 Ibs./hr.

The maximum and minimum demand of steam was plus 17.5 percent and
minus 7.5 percent of average rate of production.

The above figures do not take into account the fluctuations in demand of
prime movers. Under actual operational conditions the fluctuations may be
about plus 20 percent and minus 20 percent of the average rate of combustion.

In case the highly fluctuating saturated live steam demand of processing
is met from a separate boiler then the fluctuations on the other boilers supplying
superheated steam to the prime movers would be practically eliminated. However,
for having effective control on the working of boiler station it is essential that
position of boiling of various strikes in different pans should be signalled to boiler
station so that work at boiler station may te so regulated that too often blowing
of safety valves or drop in pressure can te avoided as far as possible.

It has been suggested to install an accumulator tetween the boilers and
the process steam main. It is, however, somewhat controversial and doubts have
been expressed as to whether such an expensive apparatus is strictly required in
a sugar factory.

Boiler heat balance

Principal dimensions of the battery of boilers installed in the factory under
discussion are given below. Total boiler heating surface in operation is 15000
sq.ft. Three boilers of H.S. 5000 sq. ft. each are in operation in the above stated
factory.

Furnace proportion

The sectional elevation of bagasse furnace installed with the boiler is given

in Sheet No. 3 on page 41 and its main proportions are given below :—

Grate area of boiler 97 sq. ft. °

Ratio of H.S. to grate area 51.6
Volumes .

Furnace 365 cu. ft.

Combustion chamber 765 ,,

Transfer space 420 ,,

Total volume 1550 ,,
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Ratios
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Combustion chamber/furnace volume
Heating surface/c.c. volume
Heating surface/furnace and c.c. volume =3.22

Boiler test results
Boiler heat balance was prepared on gross calorific value
Boiler efficiency
Condensation loss
Sensible heat loss
Unburnt gas loss
Unaccounted losses

=2.09
=6.53

60.50
18.85
15.29
0.60
4.76

100.00

Diagrammatic representation of heat balance of steam generation plant is
shown on page 42.

1.

®NoAUL R WN

11.
12.

13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.

24.

25.

26.
27.
28.

Duration of test hours

Average total evaporation per hour Ibs.,

Average evaporation lbs./sq. ft./hr.

Average boiler working pressure p.s.i.g.

. Av. temp. superheat °F,
. Total heat in one 1b. of steam B.Th.U.

Feed water temp. entering boiler °F.

. Total heat added B.Th.U. of steam in boiler

Av. crushing rate per hour Ibs.

. Av. bagasse percent cane
Av. total bagasse produced lbs./hr.

Av. ,, ,, consumed lbs./hr.
Av. evaporation per Ib. of bagasse
Bagasse not used lbs,/hr.

s s 9 Y% produced

» s Y consumed
Pol. %, bagasse
Moisture %, bagasse
Gross calorific value B. Th.U./Ib.
Net calorific value B.Th.U./Ib.
Condensation loss B.Th.U./lb.
Condensation loss %, G.C.V.
% CO, in flue gases leaving boiler
% CO in flue gases leaving boiler
% excess air supplied
Temperature of air entering boiler

Temperature of flue gases leaving boiler

Combustion chamber temp.

8
58,000
3.86
145
150
1276
200
1108
1,00,000
34
34,000
25,180
2.304
8820
25.94
8.820
3.0
48.50
4219
3424
795
18.85
13.8
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ENGINEERING SECTION
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