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INTRODUCTION

Cocoa is one of the important beverage crops grown
in Kerala, The forests of Amazon and Orinoce are believed
to be the original home of cocoa. Though cocoa was
introduced in India in the early thirties its large scale
cultivation was started only in the seventies. Cocoa is
mainly grown as a mixed crop in coconut and arecanut
gardens. The annual world production of cocoa is over
1,5 million tonnes and the demand is ever increasing.
India imports ebout 500 tonnes of beans. The present
area under cultivation of cocoa in Kerala is estimated
to be 25,000 hectares and the annual production is asbout

4,000 tonnes,

Cocoa beans deteriorate rapidly in quality, after
removal from the pods., Proper preliminary processing,
namely fermentation and drying of fresh beans, is
essential to develop and retain the characteristic
chocolate taste and flavour. Large scale planting of
the crop was taken up in this country during the
seventies., No serious attention was paid to the
processing aspect. Growers are not conversant with the
preliminary post harvest technology of cocoa beans.
Majority of the growers sell wet beans as such to the

cocoa collection centres established by private f£irms



or socleties, where the preliminary prxocessing is carried

out, which includes fermentation and drying.

Fermentation involves keeping a mass of cocoa beans
vell insuléted, so that heat generated during the
fermentation is retained at the optimum level, During
this process air is allowed to pass through the mass.
The process lasts upto seven days and is £olloﬁed

immediately by drying.

The basic operation of drying cocoa beans is done
for reducing the moisture level in the freshly fermented
beans, s0 as to prevent the growth of microganisnms,

during the period of storage.

The process of drying is governed by two important

factorss

a) Transfer of heat into the beans to provide energy

necessary for evaporation

b) The movement of the vapourised moisture from some

point within the bean to surrounding air
The drying of beans takes place in three phases:

a) Superficial moisture removal and drying of testa
b) Removal of moisture lying between cotyledon and testa

¢) Drying of cotyledon



The physical nature of the bean also changes signi-
ficantly during the drying. Density falls from 700 kg/m3
to 480 kg/hP vhich represents an effective reduction in

bed depth of 24 per cent.

Where quantities are small and the climate is
favourable, drying i1s done in the sun. For satisfactory
drying and for large quantities of cocoa beans to be
dried, sun drying cannot be adopted under unfavourable
conditions., The problem is especially severe in regions
with heavy rain, during the harvest period. 1In India the
rainy season coincides with peak harvest and makes sun
drying impossible. To overcome this, artificial methods

of drying must be adopted,

Most of the exdisting driers utilise firewood and
fuel 0il as heating source, for air heating. The main
drawbacks of utilising the above are the high cost of
firewood and fuel oil as well as inadequacy in its

avail ability.

The important factors governing artificial drying

are

a) Difference in temperature between the drying air

and that of the product

b) Alr velocity



c) Difference in vapour pressure between the drying air

and that of the product

The quality of dried bean basically depends on the
temperature and low rate of drying air, bean depth and

agitation of bean or a combination of all these factors.

Sun drying is the most popular method followed in
Kerala, though the peak harvest period coincides with
the rainy season. This causes improper drying and
deterioration in the quality of the cocoa product to a
great extent, Artificial driers are not readily
available in the market. The driers available in the
market are mogtly grain driers, which are not suitable
for drying cocoa. Attempts were made in K.,A.U. and
C.P.C.R.1., for developing suitable driers for cocoa.
K.A.U. developed a bulb heated drier, which has a
capacity of 30 kg/loading. The C.P.C.R.I. developed
an electric coil heated drier with a capacity of 50 kg/
loading. Both these driers are suitable only for small

scale processing.

The land holdings of most of the cocoa cultivators
in Kerala are very small and these farmers sell their
cocoa pods to the nearest cocoa collecting firms or
societies, The preliminary processing of cocoa namely

fermentation and drying are done in these collecting



centres., During the peek harvesting season they collect
up to two tonnes at a time and since it coincides with
the rain, drying of the beans becomes difficult for them.
With this in view, a project "Development of Cocoa Drier"
is taken up. The main objective is to develop a low
cost medium size cocoa drier for drying of cocoa without

impairing its qualities, Other objectives are

a) To compare the performance of the existing types of

artificial cocoa dy¥ierxs

b) To conduct basic studies on the drying character-
istics of cocoa including moisture, temperature,

rate of air flow, depth of beans etc.

c) To evolve sultable design of drying equipment for

cocoa

d) To test the cocoa drier thus evolved and compare
its performance with the existing type of cocoa

driers

This project aims at developing a viable technology
and equipment system sultable for large scale drying of

fermented cocoa beans.

(B |
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REVIEW OF LITERATURE

2.1 DLotanical description

Cocoa the "Food of Gods" is derived from the seeds of

"Theobroma cacae", indigenous to Central and South America.

The increasing popularity of cocoa caused its introduction
for cultivation into various other tropicazl countries.

Cocoa grows as an inter crop with coconut and arecanut.

The cocoa tree belongs to the genus Theobroma a group
of small trees whose natural home is in the Amazon basin
and cther ever green tropical areas of South and Central
America., There are over twenty species in the genus, but

only one Thecobroma cacac is cultivated widely (Wood, 1975).

Cocoa is cauliflourous. The inflorescence arises in
the leesf axil and is a comrressed dichasial cyme, After
a compatible pollination the f£ruit starts to develop and
normally reaches maturity in five to six months. The
cocoa po¢ grows nezr to the stem and develops into a
longish oval shaped "gourd", The average size can be
anything from 18 cm to 25 cm in length 2nd 7 cm to 11 cm
in dia/width. The colour of the outer shell varies and
often chznges from green toc yellow. As tne poc ripens,
the outer layer of the integument of the seeds within

produces ¢ layer of prismatic cells which have a high



content of sugar and mucilage., At full maturity, these
cells break down and the seed separates easlly, each
surrounded by its layer of pulp. The high sugar content
of the pulp is of importence in the fermentation process
which the seeds undergo after harvesting and is essential

for the development of chocolate flavour (Wood, 1975).

2.2 Fermentation

The characteristic flavour and aroma of cocoa
develop only on proper ferrentation/curing of cocoa beans.
Fermentation of cocoa beans involves keeping the mass of
cocoa beans with the mucilage well insulated so as to
retain the heat, at the same time allowing air to pass
through the beans for a stipulated period of time

(normally lasting up to seven days).

Fermentation methocs vary widely between thes cocoa
producing countries in the world. Of the verious methods,
tray and sweat box fermentation methods are most commonly

used,

According to Wooc (1975), fermentation trays have
been used more than other methods. Each normal tray takes
about 20 kg of wet beans and the bigger tray over 40 kg
beans. The bottom of the tray is either slatted or
¢rilled with half inch holes on a two inch square pattern

for drainage of sweatings. Ten or more trays could be



stacked cne above the other with the first or bottom tray
resting on a raised platform and tie top tray covered
with banana leaves or sacks, Fermentation is completed

in 4-6 days.

Sweat box fermentation is an improved metnod of
fermentation, of cocoa. Bridgland (1959) and Salz (1971)
reported on a modifiec design using boxes of two different
sizes instead of using hoxes of one size throughout, The
shallow boxes which are normally used for the first three
days of fermentation are 30 to 50 cm in depth, while the
deep boxes used for remaining fermentation period, are

approximately 75-90 cm deep.

Rohan (1958) found that quantities cf 70 kg wet
beans could be properly fermented using heap method.
Wood (1975) dJescribed the methocology of heap fermentation.
In this method, the wet beans heaped on banana leaves are
covered with the leaves themselves., The fermentation
process lasts for six days during which time the beans
are turned twice at intervals of two deys. Investi-
gations were carried out in the Kerala Agriculturzl
University to develo:r suitable methods for small scale
cerventaetion. Three metheds, mini box, mini tray and
nini basket were testcd. In each of the methods, the

quantities cf wet bean of 1.5 kg and 3 kg were compared.



The beans were set for fermentation for varying oeriods,
four days for minl trey methcd end six days for mini box
ané mini basket methods (Kumaran et 1al., 1980). Results
revealed that the mini box and the mini bkasket methods,
which invelve keeping the beans for six deys and turning
them once in alternate days, were sultable for proper

ferment«tion of small quantities of cocoa beans.
Z2.2.1 Efficiency of Gifferent methods of fermentation

Many scientists have compared the efficiency of

different methocls of fermentatior and their veriation.

Knapp (1934) compared six methods of fermentation
of cocoa beans (Heap, pin, wooden mini box, basket,
plantzin stem frame and bamboo frame) under Ghana
conditions. He concluded that the best type of container
was the wooden box, in spite of the fact that it lacked

sufficient protection against cooling.

Ley Cock (1936) reported that the heap method cf

fermentation was superior to the »nit method.,

Rohan (1958) triecd heap, sweat box and tray methods.
From the observations mace on the physio chemical changes
at different stages in the cocoa mass, he reported that
when heap ferrentation was used, the tempereture on the

surface 10 cm layer rose more repidle than in the centre,
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causing repid killing of the becns, Kumaran et al. (1980)
fermented cocoa beans using weoden mini box, barbco mini
basket and wocden mini tray charged with two quantities
cf beans 1.5 kg end 3.0 kg eech . In the case of mini
tray method the beans were fermented for four days and in
the oth: r wethods, six days. They foun< that fcr the
rroper f.rmentation of small guantities, turning the
beans once in alternate days is necessary. The variction
in temperzsture followed the same trend in all the methods,
as in the conventional methods using large quantity of
bezns., However, amony the varicus containers tried,
woodein container was found to he better than the basket,
because of better tempercture retention and zeration.

The quality cf the beunsz, as judged by the cut test and
pH of cured bearns was satisfactory in the wooden mini box

and bamboo mini besket methods.
202.2 Changes during fermentation

Saposhnikova (1952) suggests that a f£ingl pulp - pH

lece thon 5,00 indiccites defective fermentation.

~scetic acld bacteria appear earlier in the super-
ficial zones of fermenting mass (Roelofsen, 1958), It
might be expected, thercfore, that the chenge in pH of

the pulp would occur more rapidly at the surfzce,



Wesiberger et al. (1971) and Hopez and Quesnel
(1973) observed the presence of a range of both volatile

and non-volatile organic acids during fermentation.

Wood (1975) reported the pH of fresh pulp as 3.5

and that of the cotyledon as 6.6

According to Liew (1979), Malaysian wet beans
possessed mere pulp and sugar and these were assumed to
be the major reasons for the acidity of lMalaysian beans.
Greater aeration at the end of fermentation reduced the
acidity considerably. Turning the beans three times a
day during the last three days of fermentation promoted

aeration leading to the reduction of acidity considerably.
2.2.3 Judging the end point

According to Wood (1975) the appearance of beans
undergoing fermentation both external and internal,
temper:zture changes, smell etc, provides clues in judging
the end point of fermentation. In box fermentation,
temperature falls during fermentation but rises after
mixing till the c=eventh day, After €~7 days fermentetion
is completed, temperature falls anc over fermentation

sets in as indiceted by the smell of ammonia gas.

The internal appearance of the beens is another

guide to judge propcr fermentation and end peoint., Well

11
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fermented beans contain a2 reddish bxown liquid, the
cotyledons become pale (originally bright and violet)

in the centre with a brownish ring outside, Cotyledons,
when cut open, turn brown rapidly. If 50 per cent or
more of the beans of a sample show this condition the

ferment is ready for drying (Quesnel, 1958).
2.3 Drying

The basic operation of drying cocoa, the most
difficult part of processing is the reduction of moisture
in the freshly fermented beans to such a level that
micro~-organisms cannot grow, so that the beans can be
stored safely for a longer period. During drying a
considerable reduction in weight and volume of the
materials takes place, along with certain chemical
changes inside the bean vwhich give rise to the typical
taste, aroma or flavour assoclated with good chocolate.
The freshly fermented beans with a loose surface coating
of mucilage, have a maximum initial moisture of ap roxi-
mately 55 per cent (w/w) and are dried down to an average
seven to eight per cent to ensure good keeping qualities
auring storage (Ghosh,1970). The Indian Standards
Institution has specified that the moisture content of
cocoa beans shall not exceed 7.5 per cent i.,e, 8865,

The physical nature of the beans alsc changes signi-

ficantly during drying. The density falls from



700 kg/m3 to 480 kg/m3 which represents an effective
reduction in bed depth of 24 per cent (Wood, 1975).

Slaz (1971) suggested that the cocoa bean losé.

its moisture in two phases,

a) Through constant drying rate of surface moisture

b) Falling drying rate of internal moisture migrating

from the cotyledon tissue to the bean surface

According the Howat et al. (1957), it is usually
a matter of good judgement to dry at a rate which permits
the necessary changes to take place, and yet inhibit the
growth of putrefying organisms. Their findings showved
a higher volatile acid content with rapid drying ard
extremely slow drying resulted in development of foul

flavour in the bean.

Moisture content of the bean is a deciding factor
during drying. Xnapp (1957) reported that activity of
the cocoa oxidase, an enzyme, falls off rapidly below a
meoisture content of 20 ver cent. He suggested that rapid
drying must either interfere with oxygen intake by the
bean in the early stage of drylng or the enzymes must be
inactivated bv dehydration before sufficient oxidation

has taken place or a combination of these factors.

De Vos (1956) named the following conditions as most

important in governing the artificial dryings

13



a) Difference in temperature between the drying air
and that of the product

b) Difference in vapour pressure between the drying

aixr and that of the product

c) Surface area of the product exposed to drying air

d) Air velocity

The above conditions are basically dependent upon
the temperature, and flow rate of drying air, bean depth

and mixing of bkeans,

Brid Gland (1959) recommended that the temperature
of the beans should never exceed 50°C (122°F) during

drying.

Roelofsen (1957) stated that the temperature of the
beans could be tolerated upto 60°C (140°F) but not above

60°C.

De Vos (1956) used temperature upto 90°C (194°F)
in the converted Gordon drier for 1-3 hours and followed

by tunnel drying at a lower temperature.

Wood (1957) employed a high temperature of 80°C in
his experiment and reported that the beans would not reach
that temperature until they were nearly dry. Wood gave
the high latent heat and specific heat of water being the

possible explanation.



Howat et al. (1957) have provided evidence that air
temperature upto 80°C and drying time as short as 14
hours are not detrimental to cocoa quality. In fact they
found that a drying temperature of 80°C was most economical

as regard to fuel consumption and drying time,

Powel (1958) reported that cocoa beans rapidly dried
contailned more acetic acid than sun dried, kbeans and
these beans geve rise to chocolate with frulty flavour.
However, rapid drying within limits specified had no

other adverse effect cn £lavour.

Slaz (1971) stated that if low air volume and high
temperature vere emplcoyved for initial stage of drying,
the beans would heat up just as f£ast as the surface

moisture was lost,

With &he loss of surface moisture from nib, the bean
willl shrink and the skin will collapse about the nib,

resulting in unattractive and shrunken beans,
24341 Existing system for drying cocoa beans

2.3.1.1, Drying is done in the sun where gquantities are
small and the climate is favourable. The length of sun
drying depends upon the weather, Countrics where the

main harvesting ls done during dry seaszon, the beang are

dried in the sun (Wood, 1%75).



a)

b)

c)

d)

According to Micheal (1979) demerits of sun drying

Drying is nonuniform

Sun drying needs vast open space and sufficient

manpower at appropriate time

Dust, dirt and foreign materiels get mixed with the

cocoa bean during drying on open space

Involves extra labour f£or collecting and re-exposing

curirg the day

According to Allison et ai. (1979), advantage of

artificial drying methods are

a)

b)

c)

e)

DPrying can be done in foul or fair weather

Farmers can plan their harvest season for efficient

use of zvallable labour

Permits the farmers to sell a better quality product

which will be worth more to him and to those who use it

Drying operation can ve controlled more accurately
anéd thus moisture content of bean can be reduced more

closely to the levels necesgsary

Shattering loss and losses due to rodents and birds

are reduced
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£) The rate of drying can be controlled by adjusting
the temperature of hot air ventilating through the

baan mass

g) Beans can be dried irrespective of weather conditions,
day or night, as the process does not depend on any

natural source like sun energy

h) The process is automatic and requires only unskilled
labourers except a trained person to operate the

drier

i) There are practically no losses due to insects, birds

and rodents in tahis process

i} Mechenicel dryirg requires much less space (Ongkhenghol,
1077)

k) In Trdis, the hesvy rainy season coincides with peak
harvest and makes sun drylng impossible. To overcome
this artificiezl methods of drying have to be adopted

(Patil, 1982).
2.3.1,2 Samocan drier

This dries the beans by means of a convection current.
This drlier consists of a simple £flue in a plenum chamber
and a permecble drying pletform above. Alr inlet must be

provided in order to allow the convection current to flow



and the flue must be properly sealed to prevent the
escape of smoke. Platform of 3.5 x 3 m size will have

a capacity of 225 to 272 kg of dry beans per batch and
the drying period would be one and a half to two days,
but this varles considerably according to the fire and
temperature, The most of fuel consumed has been
estimated to be cne #nd a half tonnes of fire wood/tonne

cf dry beans (Cadbury Brothers, 1963),
2.3.1,3 Martin drier

It has a drying platform 13.5 m long and 7.5 m wide
and ic filled with & 'U' shaped flue. The roof runs on
rails so that sun drying can alse be done. The cepaclty
is three tonnes of dry beans and the drying period is

twenty hours (Urguhart, 1955).
2,3.1.4 Banda drier

This hes a raised drying met protected from the rain,
with a wood fire on the ground below. The smoke from the
fire passing throucgh the beans give the dried product an

objectionable flavour (Rchan, 1979).
2.3.1.,5 Secader

This ic used in Prazil and Bahia estates and it mainly
consists of a simple drying floor. A convection current of

hot air is generated by a flue (Wood, 1975},

18
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2.3,1.6 =stufa

This is another type of drier used in Brazil. Hot
air current is passed through the layers of wet cocoa,
Eight to ten trzys with mesh bottom filled with wet
cocoa beans are arranged one cver the other, The air
temperature is controlled by regulating the admission of
coid eir through the vottom, Heat is normeally supplied

from wool fire (Wood, 1975).
263¢le7 Flatform driers

This conbines sun drying with artificizl drying.
This has a platform 12 m x 6 m with a wire mesh flocor
raised about 0.5 m from the ground, The platform is
covered by a sliding roof running on raills (Allison et al.,
i964). For artificial drying, the unit is provided with
an oil fil.ed heat exclienger and & fan driven v & diesel
engine, Thc cepscity of the unit is 2.5 tonnes of dry
cocoa per batch which could be éried in less thaa two

days (Wood, 1974).

Driers of this type make use of machinery designed
for many purposes and hence a varlety of sizes and

capacities are availzble.
2.3.1.& Ein driers

The drying platform has been replaced by a drying



bin of similar dimensions as that of platform driers but
holding beans upto a depth of 45 cm, Some of these bins
are sealed or covered and arranged in such a way that the
air flow can be reversed., This helps to overcome the
lack of uniformity that will occur in a deep layer but
the cocoa must still be stirred and this cannot be done

easily (salz, 1972).

2.3.1.9 Rotary drier

It is generally considered that rotary drum driers
are not suitable for the complete drying of cocoa beans,
though they can be used for the last stage of drying.
There are two main reasons for this, first the sticky
remains of the mucilage on the beans tend to clog the
holes in the drum, second the mass of beans shrinks
during the course of drying to about two~thirds its
original volume, The wet beans should move and mix and
it is essential that some free space be left when the
drier is filled. As the beans dry and shrink the drum
will become about half full and this will lead to
considerable heat loss., Rotary driers are used for the
later stages of drying, after the beans are externally
dry. The drum should revolve slowly at about 0.25 to 0.5
per minute in order to prevent breakage of shell and
bean. The holes in the drum should be eight to ten mm

in diameter (Newton, 1966).



2,3.1.10 Tunnel driers

The beans are spread in a thin layer on trays and
the trays are loaded on to a trolly, which is placed
in the tunnel. Hot air is blown through the tunnel
and arrangements are usually made for recirculation

(Wood, 1975).
2¢3.1.11 Buttner drier

This is the only continuous drier that has been
used for cocoa beans. It consists of an endless belt
of small trays, each holding about 40 kg wet beans,

The trays pass down a drying tower through which hot air
is blown. The beans are dried in sixteen hours and¢ the
machine can handle nine tonnes of wet beans when fully

charged (Wood, 1975).
2.3.,1.12 Ner Barico drier

The simplicity of this large capacity drier is that
it achieves high thermal efficiency and produce low

acidity cocoa without mechanical stirring of the beans.

The Barico drier at full capacity, requires about
half a tonne of firewood to dry one tonne of cocoa, where
as the average oil fired heatcr uses 27 to 30 gallons of

diesel fuel per tonne of cocoa produced (Anselmi, 1979).
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2.3.1.13 Drying of cocoa beans by gas

The commercially avallable gas for house-hold
cooking is used 1n the gas system for drying cocoa beans,
the heat being applied by infeared heaters from the
bottom of a drying platform in the same way as in other
types on non-mechanical driers. The equipment is fairly
simple and there are no moving parts like fans or electric
motors, as natural convention forces set up by cold =ir
entering at the bottom of the plenum chamber forces the
heated air to rise through the layer of drying beans

(Ghosh, 1973;.
2,3.,1,14 X.A.U, Cocoa drier

Kerala Agricultural University fabricated a small
cocoa drier of capacity 25 kg of fermented cocoa beans
with ordinary electric bulbs. Drying could be completed
in 24 to 72 hours depending upon the season, The cost
of the drier is about Rs,.300/~- and the cost of drying is

about 50 paise per kg of dry beans (Kumaran et al. 1980).
2.3.1.,14 C.P.C.R.I. Drier

The drier consisted mainly of a heat source, plenum
chamber, drying chamber and exhaust air chamber. Materials
used for construction are hard wood, G,I, Sheet, &luminium
angle and a 500W industrial air heater/kerosene wich

stove/biogas burner.
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At a time, up to 40 kg. of fermented beans can be
handled in this drier, The beans can be loaded in all
the six trays in approximately equal quantities. After
loading the beans, the trays are placed in the drying

chamber toc facilitate uniform drying.

30 kg beans can be dried in about 48 hours and 40 kg
in about 65 hours (Patil, 1980).

2.3.2 Multistage drying

Deep bed brying is essentially a two-stage process
and many attempts have been made to design driers to
benefit from this behaviour. These design have had the

following objectives and design feature.

a) Increased drier throughput andefficiency by pre-
drying in shallow beds and later passing to a deep bed
unit; or by reducing temperature and air flow rate at
some point in the process, or by re-circulation of the

unspect drying air.

b) Improved handling properties by drying initially on
a mechanically agltated unit and later, when the beans

become prone to breakage, removing to a static bed,

c) Improved product appearance by removing the cocoa to
a mechanical polisher/drier for some part of the drying

period.



23

Increased capital and handling cost are to be
expected from a system of multi-stage drying and the
resultant benefits must obviously exceed these if the

method is to be cost effective (Wood, 1972).
2.3.3 Interrupted drying

Several workers have taken advantage of a nulti-
stage drying system to introduce interruption or rest
reriods which claimed to increase end product quality
and or system efficiency. The argument in favour of
rest periods, where drying efficlency is concerned, are
that the tempering period allows the moisture inside
the beans to move towards the outside and helps in
preventing hardening of the outer casing of the bean,
Case hardening of the bean tests has often been discussed,
but has never been experimentally studied and would not
normally be a problem at the temperatures, used for

cocoa drying,

Resting also increases the capital cost because of
the lower drier throughput and woulé increase handling
costs 1f the beans are in fact removed from the drier

for the purpose (Wood, 1975).
2.3.4 Stirring or agitation

Stirring is necessary durinc the process of drying

in order to achieve uniformity in drying as well as for



speeding up the rate of drying (Ongkhenghol, 1977).

Hynes (1958) reported that there was a very marked
difference in the rate of drying i1f the beans were
tharoughly mixed at hourly intervals., It was found
difficult to mix the beans if the bed depth exceeds
125 cm. Allison and Kenten (1964) recommended three
rakings at an interval of about two hours to give
unformity in drying with low percentage of breaking of
beans at a bean depth of ten cm. More frequent and
careful raking would be necessary with deeper beds of

cocoa.

Whymper (1921) has reported the use of a mechanical
agltetor in Trinidad with apparent success, The mechanical
agltator used for coffee drying has been used for cocoa
also Fonl5 to 18 cm bed depth with slight damages to
beans, It is further reported that in mechanical
agitation of high speed is undesirable as it will result
in high nercentage of bean breakage, and two slow speed
will be ineffective in agitating the beans properly.
According to Salz (1971) tests with agitator using
aluminium ploughs travelling at five meter per minute had
been successful for bean depth upto 45 cm. The only
disadvantage reported with these agltations is that the
bean mass tend to build up, in front of the agitator
ploughs thus requiring high power input to drive them and

also causing uneven hot air distribution.

24



Bridgland (1959) mentioned that the speed of the
rotary drier in the first few hours should be apyroxi-
mately two revolution per minute, and after that it is
desirabkle to reduce it to the range of % to one
revolution per minute., Slaz had slightly different
recommendation of % revolution every 15 minutes for the
first four to six hours and then continuously at the

speed of i revolution per minute,
2¢3.5 Acidity

The effect of the drying process upon the cotyledon
acidity (as defined by pH was investigated by Howat et al.
(1951) who during a sequence of 11 tests, on a through
flow tray or cablnet type drier at 80°C, showed that the
average post fermentation pH of 4,8 did not change during
artificial drying. Sun drying contrbl samples showed a

higher pH of 5.2.
2.3.6 Drying temperature and end product quality

Wilbaux (1938) found that that drying attwo
tempefure levels gave better results. Using acidity as
his quality criteria he proposed 20 hour drying in ten cm
beds at an air temperature of 90°C with continuous mixing,

followed by finishing at 45 to 50°C in beds of 15 to 20 cm.
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Haynes (1958) working in Malaysia with a small
platform drier (of 0.19 m?) operating at 65.6°C,
produced cocoa which gave chocolate of acceptable
flavour, Neither the cocoa i@ding nor the drying air
flow were specified, though the latter must have been
high (1.e. of the order of 0.2 m/sec) in order to dry

the mass in the specified period of 12 hours,

Jacquet et al. (1980) in a well controlled sequence
of 12 tests on a laboratory scale, investigated the
through flow dryving of cocoa in beds of depth between
10 to 28 om. Drying air temperature of 65 to 111°C were
used and keprt constant during any run. High air flows
were applied (0.37 to 0,94 ms/sec) and the bean
temperature was assumed to have approximated closely to
that of drying air for some time before the end of the
process, which took between 13 and 19 hours., Cocoa
dried at temper: tures above 65 to 70°C developed an
unacceptable flavour. Bravo et al. used a single bean
layer and showed that after 16 hours of drying at an
alr temperature of 60°C the bean hac a temperature at
the centre of the cotyledon, of about 59°C, for an air
flow of 0.49 m3/second but only 56°C for an air flow of
0.047 m/second. Thus beans dried on a through flow
drier will require regular mixing at a frequency

determined by the air flow rate adopted, The lower the

26



27

alr flow the more frequent should be the mixing. Mixing
not only prevents the beans sticking together but also
effectively distributes sensible heat througl: the bed,

thus reducing the risk of condensation,
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MATERIALS AND METHODS

The present studies were undertaken in the
Department of Agricultural Engineering, College of
Horticulture, Vellanikkara during the period 1981-'83,
Studies on fermentation, sun drying of fermented cocoa
beans and artificial drying in the existing type of
bulb drier and newly Sabricated driers were conducted

utilising the following materials and methodology.
3.1 Fermentation

Four wooden boxes having capacities 2 kg, 5 kg,
11 kg and 16 kg were used, for the fermentation studies.
The pods were broken by hitting against hard surface,
the wet beans were taken ocut from the placenta and
transfexred to the boxes up to their brim, It was then
covered with a gunny bag and a weight was placed over it.
All the boxes were then placed over bricks to facilitate
the drainage of sweating. By the second day, the beans
were taken out and thoroughly mixed. It was again
covered with gunny bags. Weight was placed over the
gunny bags for fermentation again. The beans were mixed
in alternate days, and were kept for fermentation for
144 hours. The temperature inside the boxes was noted

at 9 am and 5 pm daily. The mean wgight loss during

28
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fermentation was also calculated, The quality of the
beans was tested by cut test. The bleached appearance
of the cut cotyledons in the centre with a brownish
ring towards the periphery showed that the beans were

well fermented.,

3.2 Drying

Preliminary investigations on sun drying of
fermented beans and artificial drying in the existing
type of bulb drier were conducted. Tests were also
carried out in the modified bulb heated drier, modified
C.P.C.R.I. model electric heated drier, modified
C.P.C.R.I. model cocoa drier with 0.5 hp electric motor

and blower and agitation type multistage drier,

3.2.1 Sun drying

Seventeen kilogram of well fermented cocoa beans
were taken and spread in a mat and were kept for sun
drying. The process of drying was continued up to seven
days for complete drying. Temperatures at regular
intervals were noted., The weight of the beans was
recorded daily. For finding the pH of the beans, ten
grams of cocoa beans were ground to powder and 100 ml
of boiling water was added to it. After cocling to

room temperature, the pH was noted using a digital pH



Plate 1. Digi al pH meter




meter (Plate 1 ), Moisture content was tested using an
infra red moisture meter (Plate 2 ).

3.2.2 Bulb heated drier

Artificial drying of cocoa beans was done in the
existing K.A.U, bulb heated drier.

This drier consisted of a wooden box with shutters
of internal dimensions 60 cm x 60 mm x 90 cm with three
wooden racks placed one over the other at a spacing of
15 cm between them, the wooden racks were fitted with
wiremesh at the bottom. 8Six electric bulbs fitted at
the bottom of the drier were used for heating the air,
Ventilations were provided at the bottom, on the sides
and at the back of the drier for the entry of air and
there was provision for escape of heated air st the top.

At no load condition by switching on all the six
100 watt bulbs, a steady state temperature of 70°C was
obtained with sufficient air flow, in 2.5 hou:a.' 30 kg
of fermented beans were taken for drying. Each tray was
loaded with 10 kg of wet beans, The beans were mixed
at one hour interval and the trays were interchanged
after every two hours, For the first 20 hours the
average temperature was 45°C and from the second day
onwards, the temperature rose up to 50°C under loaded
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Plate 2, Infra red moisture meter




conditions. The beans were dried to the required moisture
content after 38 hours of drying. The readings were
tabulated and a graph was drawn., Energy required for
drying each kg of fermented cocoa beans was calculated.

Final pH of the beans was also noted,
3.2.3 Modification of bulb heated drier

Modification in bulb heated drier was done by using
& 500 watt electric heating coil instead of bulbs. This
was fixed at a distance of 18 cm, below the bottom-most

wiremesh (Plate 3 ).

The drier was loaded with 30 kg of fermented beans,
distributed equally in three trays. Then the heater was
put on. The beans were mixXed, at an hourly interval and
the trays were interchanged after every two hours, For
the first 12 hours, the average temperature was 50°C and
thereafter the temperature increased to 55°C, under the
loaded condition. The beans were dried to the required
moisture level in 34 hours of heating. The moisture
content of the beans was recorded at an interval of two

hours and the pH of the dried beans was also noted.
3.2.4 Modified C.F.C.R.I. model electric heated drier

The drier fabricated consisted of the following:
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Plate 3. Modified bulb heated drier




a) Plenum chanber with an electric heating coil
b) Drying chamber

c) Exhaust air chamber

The materials used for construction were asbestos
sheet, wood, wiremesh and plain glass, The drierx
consisted of four treys made of wiremesh and wood.

The trays were fixed at a distance of 10 cm. The inlet
and outlet openingslfor air eirculation were provided
at the bottom and the top ef the drier. A 500 wdtt
single phase electric heater of size 60 x 72 cm was
used as the heatiné source and was fixed belovw the

bottommost tray (Fig.i{ ).

3¢2.4.1 Testing of modified C.,P.C.R.I. model electric

heated cocoa drier

Sixty kilogram of fermented beans were loaded into
the trays at the rate of 15 kg/tray. Then the docrs
were closed and the heater wag switched on., After four
hours the heater was switched off for about 15 minutes
and the positions of the trays were interchanged, The
beans in each tray were mixed to avold sticking to each
other while changing the tray position. The weight of
the beans and their moisture content were recorded.
After interchanging the position of trays the doors

were again closed and the heater was put on.
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8ixty kilogram of beans were dried in about 64 hours
at 550‘_'C. The drier was tested with 50 kg and 40 kg of
cocoa beans, The pH and moisture content of the dried
beans were noted,

3.2,5 Modified C.,P.C.R.I. model cocoa drier with 0,5 hp
electric motor and blower

The tray type through flow electric drier was
modified by incorporating a blower as shown in Plate 4
and Fig. 2 . The prime mover of the blower was a 0.5 hp
electric motor. The capacity of the blower was 0,2 n’/uc.

The air drawn from the atmosphere by the blower was
transmitted to the héaw through the duct provided., The
ai:‘ was heated by the electric heating element and was
passed to the tray in which the beans were kept for

drying.

The moisture content of the beans was recorded at
an interval of three m.

3.2.6 Agitation type multistage cocoa drier

Agitation type multistage cocoa drier of 90 kg/
loading capacity was designed, febricated, tested and
the economics was worked out, Also a large model of
the same type of drier of capacity 2000 kg was designed
and its economics worked out.

34



Fig. No. .

MODIFIED CPCR | MODEL DRIER WITH
2 H.P. MOTOR&BLOWER
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Plate 4. Modified C.P.C.R.I. model electric
heated drier with blower - experimental

Szl:-u.f.




3,2,6,1 Agitation type multistage cocoa drier of
capacity 90 kg (Plate 5 to 12 and Fig, 3 to
22).

3,2,6.,1,1 Design
The design details are given below:
a) Screw conveyer

The conveyer discharge capacity was assumed as 15 kg
for one revolution of the scraper.

As per the dataavailable for rotary type cocoa
driers rpm of the drier should be below one. Hence
assumed rpm of the drier was 0.9 i.e., time taken for

one revolution = 1.1 minutes
Hence the discharge capacity = Ti%
= 13,64 kg/minute
It was lomdthntm&.oimhdaw).m of 1-’
s voluse of 13464 By -

= 0.01949 m°/minute
= 1949 u’/nmh

Giving space for two cocoa beans assumed,
+» Pitch of the screw = 3.6 cm

Preliminary studies on the conveyer speed revealed that
a speed between 70 to 75 rpm was optimum. Hence assumed

that screw rotated at 72 rpm
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In a minute the axial = 3.6 x 72 cm
displacement
= 2%9,2 om

Minimum diameter required could be calculated using the
equation /4 4% x 259.2 = 1949

?roin this equation 'd’' was worked out as

Diameter -/ x &

. 7]

= G,57 om

For the space occupied by the spéndle, conveyer blade etc.

an allowance of 25 per cent on the diameter was given

Hence the diameter of the = 11,96 om

spiral

Took *4a! = 12 em

It was found that for uninterrupted fall of the cococa
beans from the drum through the chute and for a smooth
upward travel the conveyer should be set at an angle of
45° and should have a length of 1 to 1.5 metre hence for
comparability aseumed 40 turns of the screw.

oo Axial length = 40 X 3,6 o
= 144 cm
Took axiel length = 145 cm

Since the conveyer can have a maximum inclination of 45°
in similar cases, the conveyer screw was set at an angle

48° to the horxizontal,
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b) Spiral power and shaft diameter

1 Rev, = 3%5

18 kg in 1.11 minutes

In the ideal case the work done by the conveyer is
the work required to %@ae 13.8 xg (L.e. 15 x 0.9) of
cocoa beans per minute, through a distance of 145 cm x
sin 45°, But major work has to be done in oxder to

overcome the resistance for the ldeal case,

1
13.5 kg x 1,45 m x\/§ = 13,84 kg metre/minute
Horse Power - %ﬁﬁ%%
= (0,003

However, taking the €riction into consideration assumed

that the

Horse Powver | = 0,8

Torque on the conveyer shaft = 1 * : ;5

= 4,974 x 100
= 497.4

Taken Torque = 500 kg com
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-{g— x a3 x 350 = 500
- 300 x 16
l.e, 4 3 =% 350
= 1.9¢ om

Assumed a shaft size of 25 mm to account for weakening
of the shaft due to spiral groove to accommodate the
conveyex blades (Fig. 3 and 4, Plate 5).

c¢) Support of the drier

125%s

From actual me ent, weight of the motor unit
was 125 kg, weight of the reduction gear unit was 155 kg
and the weight of the drying unit was 500 kg (including

90 kg of cocoa beans)

Effect of eccentric load
Direct load = .L§_§ on one column

Load due to resisting moment, let it be Fl.
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Plate 5. Agitation type multistage drier - spiral
of screw conveyer
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Thus
E,r, + F;x,+ F,r, = 123% x 82
C Fuxrou + ,C“wén.-\-f'*?g
P
160
Load due to driving gears = =5
= £3.3 kg
500
Load due to drum and contents = —5—
= 166.67 kg
Total =322 4o+ 53,3 + 166.67
= 392930 kg

Assumed that a C section shown in the figure supported the

set up.

A
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CGloxx-@ X 0.5 X 0,28 + 6,6 x 0,5 x 3.8 + 1,4 x 0.5 x 7.35
4 X 0,5 + 6.6 x 0,5 + 1.4 x 0.8
- 3.03

1,4

Coenyy, 1.4 % 0.5 X + 0.5 x 6.6 x 223 & 4x0.5x§
1.4 %X 0.5 + 6.6 X 0.5 + 4 x 0.5

= 0,886
= 0.3

Moment of inertia = o x 4 x 0.53 + 4 x 0.5

12
2
(3.03 - 0.25)% + ﬁ; X 0.5 x

3

6.6 "*. 6.6 x 0‘5 x

2 1
(3.8 -~ 3.03)° + i3 X 1.4 x

2
0.53 + 1.4 x 0.5{7+35-3.03)

2 Moment of inertia
Area

42,5
4 X 0.6 F 1.4 X 0.5+ 6.6%X0.5

7.088

n

K = 2066

S

= 56.4

This might be treated as a long column



Treating the support as long column, Rankain's formula,

fc.h
? ) (1) 2

1+a%

fc _x 6 —
- 150
7500 .

\302'3012_

fe = 71,73 kg/cm®

8teel can safely take a compressive stress of more than

1000 kg/cm?

Hence factor of safety = - ;{gg

= [3:94 Hence <&s sage,
d) Fixed tray

The plate might be considered as a circular plate
supported at the ends and subjected to a uniformly

distributed pressure over the entire area.

For a circular plate uniformly loaded, the thickness
of the plate 't' with g diameter 'D' supported at the
circumference and subjected to a uniformly distributed

pressure 'F' over the total area,

t =c,.D. [#F

= Coefficient which may be taken
as 0,42 for M.S.

Where C
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= 800 kg/cm2 for M.S.

H

A - -f— ? - &
- -{/- (492 - 39
= 1878.67 cm®

P - T

= 0,023 kg/cw®

0,022

*.
t = 0,42 X 49 X 800

= 0011 cm

For rigldity tcok, t = 2 mm

(Fig. 6 and 7, Plate 6)

e) Scraper

Torque on the scraper spindle was calculated from

the followlng facts.

As the scraper has to distribute the cocoa over the

plate, assumed
h.p. = 0,5

As per the data available, for rotary type cocoa drie-
rz rpm of the driers should be helow one rpm., Hence,

rpm of the drier was assumed as 0.9.
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» maltistage drier - plate,

coupling et




L hp x 4500 x 1

——

2X Yy XN
30514500‘3{ 100

= Torque shared by 5 scrapers

Torque

.’ Torque of each scraper = 32723:736

= 7957.75 kg om
Length of each scraper = 24.5 cm
Agssuming 2.5 per cent of this amount as a resistance

moment offered by the cocoa beans created bending moment

on the scraper,

Bending moment on each 2,5 _
scraper = Tas x 7957,7%

But
2
Bending moment = mg"ﬁ

Where t = thickness in om

b = width in om

£ = stress kg/cm2
Assumed a width of 2 am

2
tx (2)° %900 =22 x 17957.75

" o 6. x 2,5 x 7957.75 N
100 x 4 x 800

= 0,373 om




fook thickness ¢t = 1 om

(Fig. 8, Plate 7).

£) Coupling

The dliameter of the oykb- = 2.5 cm

a0

put shaft
The hub diameter s 1,6 * the diameter of the shaft
s The hub diameter = 1,6 x 2.8

= 4 cm

Let the thickness of the = % x D
flange .
= % x 2,5

= 1,28 on

et there be three pins arranged in the periphery of a
circle of diameter 1.9 D, Say 48 om
Let the pih diameter be 8 ym

The overall diameter of the f£flange would be

2.5 x diameter = 2.5 x 2,5
= 6,25
Tookit as = 6,3 cm

The coupling of the drier shaft would be similar in
dimensions but instead of the projecting pins, the flange
would carry holes to houge the projecting pins. The
overall length of each flange including the hub could be

taken as

1.5 4 = 1,5 x 2.8

= 3,75 cm
(l‘iqo 9 )e
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Plate 7. Agitation type multistage drier - wiper,
Scraper, bush, top plate support,
main shaft
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3} Gear drive

Asgumed that hop. 2 0.5

input speed = 1440 rpm (motorxr speed)

At the first stage, this could be reduced with the
help ¢f a worm to a gspeed ratio oi 1:40., The wheel shaft
at the first reducticn with a spur gear, would drive
another counter shaft, that would carry another step, the

speed ratio again at 1:40. Thus the cutput shaft speed

= 1/40 x 1/40 x 1440

= 0,9 rom

ihe two woim drives were identical., The layout is
shown in Fig., 10 & 11 and Plate 8 & ©. The vworm and gear

design and the spur cgear design are as follows.
i) Spur gear

Let 'Dg' be the diameter of the gear and 'Dp' be the

diameter of the pinion.

Assumed the centre distance to be 9 cm approximately.

Dg ; Dp =9 cm

The gear ration,

03
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Plate 8. Agitation type multistage drier - inside
of reduction gear box




Agitation type multistage drier - motor,
coupling and reduction gear box etc.




The speed of rotation of = 1440
gears 40

= 36 rpm
Pitech line velocity 'V! = 7 Dg x Ng metres/minute
where Ng = rpm of the gear

Pitch line velocity = 7 x 0,09 x 36
= 10,18 metres/minute

The tangential load, '£t' = hp x 4500 X Cs
v
vhere Cs = Service factor

To take into account the uncertainty of the load
where motor is started, stopped etc. and also the
working is for more than 10 hours/day, assuming medium

shaft,

Took, Cs = 1.8

hp x 4500 x 1
Tangential load F, = .I__Tm___&

= D5 x 4500 x 1.8

10.18
= 397.84
Using the 'Lewis' equation
Ft = S.D.Yep
Where Ft = Tangentlal load

= Allowable dinamic stress
b = Face width
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Y = Lewlig factor
p = Circular pitch
=fa. cv.
@d. = Permigsible static stress
Assumed, (Fa. = 1400 kg/cm?

4
ev - TS
= %.58 + %o"'.'i e

= 0031
] = 1400 x 0.31
= 434 kg/cm®
b = Face width
= 10 module
=10 m
y - 0.124 - 22884
m = D/
Where
-3 = Number of teeth
- = 0,124 - 2:584

=o.124-9—=—g§i xm

0,684

X m

Fc = S.D.YsPe

397084 = 43‘ Xx 10 m Lo;i:‘ - OQ’ 4 Xxm Xm
0,09




3

2
1036,23 m° 1690.68 m 4
‘TB?%T%E”‘ - “{036e23 ¥ i%g%?%s

put

put

put

Assuned

2

- 1,632 m* + 0,384

- 1,632 mz + 0,384

3 1.632 m% + 0.384

> - 1.632 m? + ..384

Module

6 module
m

Module m
Addendum
Didendum

Tooth thickness
Tooth space
Working depth
Whole depth
Clearance

Pitch diameter

= 0

= 0.4

= 0,18688
= 0.6

= 0,7
= - 0,07268

= Between 0.6 & 0.7

= 1,25 m = 7,5 mm
= 1,5708 m = 9,42 mm
= 1,5708 m = $.42 mm
= 2 m = 12 mm
= 2,25 m = 13,5 mm
= 0,25 m = 1.5 mm
= zn =15 x 6

= 90 mem

58
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Outside diameter = (z+ 2)m = (15 + 2) 6
= 102 m

Root diameter = (2 - 2,85 m) = (15 -2.5x,6)
= 12,5 mm

Fillet radius = 0.4 m = 2,4 mm

i1) Worm gear

Mean diameter of worm,
c0.875
aw " Tes

Where 'C!' is the centre distance between the axis of the

worm and gear in cm

Assumed C = 8
0.875
aw " §E1" 89
aw = 3,26 cm

To £find the circular pitch of the vwheel 'pc'

3 P = aw
dw = 3,26

éﬁfg = 1,09 cm

Pitch circle diameter of the gear 'dg' found out from

-
(]

dw + - C

Where 'C' is the centre distance
B x 2 = 3,26 + dg
dg = 16 - 3,26 = 12,74 om



Velocity ratio
Number of teeth of gemr
(Velocity ratio taken as 40)

Pitch of the gear
(Circulaxr pitch)

Module m

Choose a module of 3 mm

«* Circular pitch p_

Axial pitch of the worm

aw

Face width of the wheel
b

(Fig. 12 to 186).

n

60

number of teeth on gear
number of starts on worm

Velocity ratio x number of
start on wvorm
40 x 1 = 40

T %
Number of teeth

X 12,74

40 = 1 om
?
T m
Pe - L
T v
0032 cm
X m = 0,94 cm

Circular pitch of the gear
0,94 om

i_x dag
40

0.94 x 40

= 11,
7 11,97 om

12 em

c

2 X8 -~ %2 = 4 Ccm

2.38 pc + 0,65

2,38 x 0,94 + 0,65

2.38 x 0.94 + 0,65
2.8 em
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FIG-1.4 COUNTER SHAFT NO:1 (with Gears & Bearings fitted )
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The design should be checked from the stand point of
strength, wear and heat dissipation considerations

Pitch line velocity of the gear = “%322

- T %12 x 1440
00 x 60 x 40
= 0,226 metres/second

Velocity factor = ?-3-—3-—‘-)-

- 3
(3 + 0,226)

= 0,93

_ - 0,684
Form factor of the gear 0.124 - et oF toeth

0=63‘

= 0,107
Permissible stress = Static stress x velocity
factoer
(Assumed static stress = 1400 kg/cmz)
Permissible stress (f) = 1400 x 0,93
= 1302 kg/cm?

According to 'Lewis' formula tangential tooth load
= L£.0epeve
Where = face width

circular pitch

LT o U rh
]

= form factor
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F = f.b.r.ve.
= 1302 % 2.8 x 0.94 x 0,107
= 366,67

366,67 x pitch line

Horse power x transmitted = velocity of the gear
[

= 1,1049 h.p.

1.1049 h.p. 7 0.5 h.p.

hence safe

Check for wear F = dg X b x W
Where F = Limiting load for wear
W = A constant depending up on
the materials of gear and
worm
Assumed w = 7
F = 12 x 2.8 x 7 = 235,2
Horse power due to wear ﬂ'ggg*gﬁ%;2423§
0.709 h.p

00709 h'p' 7 005 hop.
hence safe
Check for heat dissipation

The permissible input power for heat dissipation is
given by
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1.7
. 2C
Herse power = SRIE
Where c = Centre distance in com and
R = Speed reduction ratio
Horse wer st 2 x 81‘7 = 1,852 h
po I+ 5 -52 h.p.

The value being more than required the design is safe

h) Screw conveyer gear

Assumed velocity ratio = 10
centre distance = 5 om

Mean diameter of the worm, _ cO.S?S

given by, dw 155
Where C = Centre distance between
the zxis of +the worm on
in om,
Assumed C = 8§ cm
s0.875
aw = ~1.55 = 2.16
The circular pitch of the wheel is such that,
3 Pe = av
8w = 2.16
b = 228 = 0,72 em

Pitch circle diameter cf the gear dg found out from

gy._‘.;_—gg = C

Where C = Centre distzance



Velocity ratio
Number of teeth cn

Numbexr of start on

Numbexr of teeth on

Pitch of the geer

Module, m

Pe

m

Choose & meodule of

Circular pitch Pe

Axial pitch or the

jo ]

gear

69

= 2.16 + dg

= 10 « 2,16 = 7.88 cm

number of teeth on gesr
number of starts on worm

velocity ratio x numbeyx
of starts on worm

worm, assumed to be 2 {(3double start)

gear

wo L

= 10 x 2

= 20 (velocity ratio taken
as 10)

X
number of teeth

s—-’T—l‘-—z-g-Ls-i w 1,23 om

= 0,39 om

i1

T xm = 1,26 cm

= Circular pitch of the gear

i

1,26 om
- _JZ§EJE§
0

= 1,26 = 20
T

= 8 ¢cm



dw + gg

dw + dg
dw
dy

Pitch diameter integral with
shaft Dw

Face leagth of worm

Depth of tooth h
Addendum 'a!

Outside diameter of worm gear

Do

Normal pressure angle of worm
gear

Face width {in ca, ‘b’

(Plate 10).

|

]

i

2¢

2C = dg
10 « 8 = 2 om

2,35 p + 1
2.35 % 1,26 + 1

4 em

[4.5 + 0,02 x Nw) p
(4.5 + 0,02 x 20) 1.26

6 om

0.686 x 1,26 = 0,864 cm

0.318 ¢

0.318 x 1,26 = 0,4 cm

Dg + 1.0 135 p
8 + 1,0135 x 1,26

9.28 ¢om
143°

3¢ om
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drier - reduction

Plate 10. Agitation type multistage
gear of screw conveyer




The design should be checked from the stand point of

strength, wear and heat dissipation consideration.

Pitch line velocity of the gear =

Velocity factor

Form factor ¢f the gear

Permissible stress

Assuned static stress

Permissible stress (f)

According tc 'Lewis' formula

Tangential tooth load F

Where

LB < B - 2

i

DN
60

%X 8 x 720
Io% X 60 x 10

0.302 metres/second

—L =

3+ v 3 + 0,302
0.91
0,124 0.684

“ number of teeth

0,684
..—J-——n
0.124 )

0.09

Static stress x velocity
factor

140C kg/cm?
1400 x 0.61 = 1274 kg/cm®

E£ubepDeYe

Face width
Circulax pitch
Form factor

1274 x 3 x 0.09 x 1,26

433.41

71



433,41 x pitch line
Horse power transmitted = veloc;ty<$§fthe gear

433,41 x 0,302
- 75

= 1,78 hop.
1.75 h.p.> 0.5 h.p.

hence safe
Check for wear

Limiting load for wea? '£' is ¢iven by the formula,

F =3d xbxw
Q
W = @ constant depending upon
the materials of the worm
Assumed, w = 7
F =8 x 3 x 7 = 168
Horse pover due to wear - 168 3303302
= 0,677 h.p.

0.677 h.p. > 0.5 h'p.

hence safe
Check for heat dissipation

The permissible input power for heat dissipation is

given by

12
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2 c1‘7
Horse pover "R+ §
Where S = centre distance in cm
R = gpeed reduction ratio

1.7

Horee power = ET%-%—E— = 2.1 h.p.

2,1 hop. > 0,8 h.p.

hence safe
1) Heating coil

Agsuming the moisture content of freshly fermented
beans to be 55 per cent and the recormended noisture content
for safe storage to be six per cent
Capacity cf the drier = 90 kg

Amount of moisture to be removed, calculated by the following

formula
Q1 (Mub1 - Msz)
m 35 e ———
(1-Jmﬂb2)
Where m = Amountoof moisture removed
in kg
Mwbl = Initial moisture content
R, = Capacity of the drier in kg
.~ Amount of moistuze removed = 91 (! ?; - Mwb,)
(1_Mwb27

90 (0,.5% - 0,06
1 .0.06

= 46.91 kg



Assuming the latent heat of vapourisation of water
while drying to be 600 Keal/kg of water the thermal
efficiency of the driexr to be 50 per cent, the heat
energy required to dry 90 kg of beans from an initial
moisture content of 55 per cent to a final moisture

content of 6 per cent
- RX 600
¢

- 46,91 x 600

= 55292 K.caleories

But 260 K.calories = 1 KWH
. EBlectric energy required = égégg
= 65,45 KWH

Assuming the total drying time required to be 15 hours.

&
o' The heating coil capacity = -ﬁﬁg§ = 4,36 KW

» The heatirng c¢2il capacity, taken as 4.5 K@
3.206.1.2 Fabrication

The drier mainly consisted @f & drying saection,
agitator, screw conveyer, a heater and a blower, The
drying unit having 50 cm diameter was made of 8 gauge M.S.
sheet and was cylinderical in shape (Fig. 17). This
cylinder was €ramed on a three legged C. channel stand of
size, 153 om height and 7.6 cm width (Fig, 18 and 19).
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FIG-19
MAIN SHAFT SUPPORT (BortoM)
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Five perforated clrcular plates having 2 rm thickness were
placed horizontally inside the cylindey, The plates were
placed in such a way that the distance between them were
egqual, Above these Plates a scraper and a wiper were fixed
on a vertical shaft (Pig. 20). 9he vertical shaft was
rotated at 0.9 ro.p.m. by 2 1 h.p. motor through a reduction
gear box, This facilitated necessary mixing for the beans.
The plates were provided with radial slots of size

4 x 6 x 24,5 cm, The fermented beans after passing through
each plate for about 350° dropped to the next bottom plates
through each slot, finally falling to the chute provided at
the bottom which carried them to the bottom of the screw

conveyer against the heated air,

Below the bottommost disc a chute was provided for
conveying the beans to the screw conveyer. The screw
conveyer was made of 12,8 om diameter }M.S. tube and 145 cm
length fitted inclined to the drylng unit at an angle of
45°, The gcrew conveyer was having z spiral, with a 25 mm
diameter central shaft. The beans were lifted by the
conveyer and discharged at the top of the drying unit,
This cycle was continued till the beans were uniformly
oaried to the required moisture content. The blower was
driven by a 0.5 h,p. electric motor to supply necessary

alir draught.
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The heater in front of the blower, was having a
capacity of 4.5 KW (1,5 KW, 3 KW and 4.5 ¥KW). An air
duct was provided from the heater to the drying unit

(Fig. 21).

The motor speed of 1440 rpm was reduced in stages,
and the output shaft that drove the spindle rotated at
0.9 rpm. The conveyer was belt driven from the same
motor through worm and gear recducticn. The worm rotated
at 720 rpm because of the belt drive. The reduction
from 720 to 72 rpm wes achieved by worm and gear unit

(Fig. 22).

3e2.6.,1.3 Operation

The ferrented beans were supplied to the top plate
after gwitching of the motor, blower and the heater. As
the mein shaft was rotated, the wiper spread the beans
evenly on the plate. At the same time the scraper swept
the beans and passed them to the next plate. This
operation was continued from one plate to the other
until they reached the bottom of the drying unit. The
beans from the bottom of the drier found its way through
the chute to the screw conveyver. Tie conveyer conveyed
the materials agaln to the top plate £ the drier. The

operation was repeated.
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FIG-22

PINION SHAFT OF SCREW CONVEYER
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The blower transported the heat energy produced by
the heater through the air duct into the drying chamber,
Hence, as the beans passed through the plates they were
dried with the ocutgoing heated air. The heat energy in
the heater was abaorbed, in stages by the beans. Due to
the absorption of heat in stages the energy loss in the

outgoing air was reduced to a low velue,
3e2e6.1.4 Testing

The beans after fermentaticon were put on the top
plate after starting the motor blower, anu the heater.
The cquantlty of cocoa beans used was 90 kg. Air flow
was C.4 ms/second and the inlet tenpercture was main-
tained at 56°C. 1Inlet temperature, intermediate

temperetures and outlet tempersture were recorded. The

humidity ci the heated air in different stages were noted

and tabulated. A % H.p. variable speced motor was used
on the prime mover of the blower, 7The juantity of air
varied with the help of the variable speed motor, by

running at diiferent levels of speed (Flate 11),

During the first set of experiment 90 kg of
fermented cocoa beans was loaded on the top of the drier,
Air flow rete vas adjusted to 0.4 m3/second by adjusting
the speed cof the motor. The temperztures at different

stages were noted.
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At every hours of interval the moisture losses were
also calculated,

The test was repeated, at the following levels of
operation (Plate 12).

Quanti ty Initial Ar flow
‘ temperature L

(kg) (*e) m”/Sec.
20 56 - 0.4
90 47 0.4
90 42 0.4
60 56 0.4
60 . 47 0.4
60 42 0.4
90 56 0.2
°0 47 0.2
20 42 0.2
60 56 D.2
60 47 0.2
60 42 0.2

3.3.6.2 BaAgitation type multistage drier (capacity 2000 kg)

One of the objectives of this project was to evolve
suitable design of equipment for drying large quantities

of cocoa beans.

(YN



With this in view an agitation type multistage
drier of capacity 2000 kg of fermented beans was
designed (Appendix-I), and its economics worked out.
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Plate 13, Experimental set-up of Agitation type

rultistage drier
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RESULTS AND DISCUSSION

During the conduct of this research work the

following results were obtained.
4.1 PFermentation

The results of the experiments conducted on

fermentation using mini box method are given in Table 1 .

A graph showing the temperature variations is given
in Fig,., 23. 'The mean weight loss during fermentation
was 30.R per cent (Table 2). The quality of the beans

after fermentation was found satisfactory in the cut test.

The maximum temperature attained during fermentation
was 46°C and fluctuations in temperature vwere noticed
up to seventh day. The pattern of the temperature curve
agreed well with the curves given in the standard
published data, even though the maximum tempersature
attained in the experiment was lower than that given in
the published date, which was around 50°C. This could be
due to the smaller size of the boxes used for fermentation
The lower temperature achieved in the mini box method of
fermentation apparently did not have any adverse effect

on the quality of the beans,

<D



Table 1, Temperature variations during fermentation

Temperature (°C)

Time
(hours) goiqf ngx ii“ iax,ixx fgx IV verage
0 30.0 30,0 30.0 30.0 30.0
8 30,0 30.0 30.0 30.0 30.0
16 30.5 30.0 31.0 30.5 30.5
24 34,0 32.0 31.0 31.0 32.0
32 34.0 34.0 33.0 33.0 33.5
40 36.0 35,0 34,0 36.C 35,25
48 35,0 35.0 36.0 36,0 35.5
56 39,0 39.0 37.0 37.0 38.0
64 45.0 45,0 43.0 41.0 43.5
72 44.0 44,0 45,0 45.0 44.5
80 43.0 43.5 44.5 45,0 44.0
88 44,0 42,0 40,0 42,0 42,0
96 38.0 38.0 39.0 41,0 39.0
104 39,0 40,5 42,0 42,5 41.0
112 44,0 43,0 42.0 43,0 43.0
120 47.0 46,0 46.0 45.0 46.0
128 43,5 44,5 46,0 46.0 45.0
136 43.5 44,0 44.0 43.0 43,5

144 44.C 44,0 44.0 44.0 44.0
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Table 2. Mean weight loss during fermentation
Weight of Weight of Weight loss
wet beans fermented

beans
(kg) (xg) (%)
16 11.04 30.8
11 7.70 30.0
5 3.5%0 30.0

2 1.40 30.0




4.2 Drying
4,2,1 Sun drying

The results of the experiment on sun drying of
cocoa beans are given in Table 3 and are graphically

recorded in Fig. 24.

The weight of beans reduced from 30.0 kg to 14.64 kg
in seven days, showing a moisture loss of 51.2 percent
(Table 3 and Fig. 24). The result is comparable with
the standard data wvailable on sun drying of cocoa bheans,
Though the method of sun drying is cheap, it requires
constant attention. The duration of drying is dependent
on atmospheric weather conditions. Final pH of the
sun dried beans was 5,2 which was very close to the
pH range, 5.3 to 5.5 for good quality beans as per
international stendards, Hence, the qu lity cf the

beans was considercd satisfactory.

4.2.2 Bulb heated dfrer

The results c¢f drying cocoa beans with bulb heated
drier agd given in Table 4 and are graphically

represented in Fig, 2B,

Lo



Table 3. Sun drying of fermented cocoa beans moisture
loss vs. time, - .

Camwulomwe

Days Weight Weight Mol sture pH
before after loss
drying drying

(xg) (xg) (%)
1 30.00 22,80 24,00
2 23,00 17.00 43,33
3 17.30 16,20 46,00
4 16.20 15.45 48,50
5 15,45 15,09 49,70
6 15.09 14.79 50,70
7 14.79 14.64 51,20

8 14.64 14.64 51.20 5.20




Table 4. Drying of fermented cocoa beans using
bulb heated drier, moisture loss va.
time, Lo .awe

(ggz:.) Moisture content
0 54.0
3 45.0
6 38.0
9 32.0

12 25.0
15 21,0
i8 18,0
21 16.0
24 14.0
27 13,0
30 10.4
33 9.0
36 8.6

38 7.6
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Fromthe graph and the table it can be observed that
the mcisture content of sbout 7.6 per cent was achieved
in 38 hours of drying. The result revealed th~t for
drying one kilogram of fermented beans, approsimately
0,76 K.W,H, of electrical energy wzs necesssry. Bulb
heated driers reguire less time for drying cocoa beans

conpared to sun drying. pH of the dried bezns was 5,00.
4,7,3 Modified bulb heated drier

The results of the eXperiments conducted on this
drier are given in Table 5, and they are graphically

represented in Fig. 25,

Thirty kilcgrar of fermented beansg could be dried
to 7.6 per cent moisture level in a period of 34 hours

in the modified bulb heated drier (Table 5, Fig. 25).

For drying one kilogram:  of fermented beans in
this drier 0.566 K.w.,H. of electrical energy is reqgquired,
whereas the bulb heated drier required 0,76 K.\ .H. of
energy per kllogram of fermented beans. Hence about
0.195 K.w.H. 0of energy can be saved per kilogram of
fermented beans, which means that there is a net saving
of about 25 per cent of energy. Hence the cost of drying

can be reduced, pH of the dried beans was 5.,00.



Table 5. Moisture reduction table for the
modified bulb heated drier

Time Molsture content
(hours) (%)
0 54.0
2 45.0
4 39.0
6 37.0
8 33.0
10 27.5
12 26.0
14 23,0
16 20,0
18 16.0
20 13.0
22 12,5
24 io0.0
26 9.0
28 8,2
30 7.9
32 7.6

34 7.6
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In the drier where the bulbs are used as a heat
source are least efficient for heating, because most
of the energy produced by the bulb is in the form of
light energy. The radiant heat produced by the bulb
alone can be used for raising the temperature of the
air inside the drier, The advantage of this drier is
that, it is easy to fabricate and operate. The
maintenance cost also will be low. The life of the
coil heated drier is more than the bulb heated drier.

This modification also saves energy by 25 per cent,
4,2,4 Modified C.P.C.R.I. model electric heated drier

The resuvlts of the experiment on drying fermented
beans using mcdified C.D.C.R.I., model are given in
Table 6, A graph showing molsture loss vs time is
given in Fig. 26. ‘the moisture content and pH of the
dried beans were 7.6 per cent and 5,10 respectively.
Energy consumption of this drier was 0,5333 K,W.H. and

cost of drying was minimum (m.o.36}q9

The benefits of the modified drier over the

C.P.C.R.I, drier are as follows:

1) In the C.P.C.R.I. model the temperature of the
drying air is about 80°C which is not suitable for cocoa
drying. In the modified dgxier, the drying temperature
is only 55°C which is sultable for cocoa dxying.



Table 6. Moisture reduction table for the
modified C.,P.C.R.I. model drier
Time 60 kg 50 kg 40 kg
(hours) moi sture molsture molsture
content content content
(%) (%) (%)
0 54.0 54.0 54.0
4 45.0 42,0 39.0
8 35.0 34.0 29.0
12 30.0 27.0 24,0
16 28.0 22.0 19.0
20 21,0 19.0 16,0
24 18.0 16.0 13.0
28 15.0 14.0 11.0
32 13,0 13.5 10.0
36 12.0 11.5 8.5
40 11.0 10.0 8.0
44 10.5 9.0 7.5
48 9.5 8.0
52 9.0 7.5
56 8.5
60 8.0
62 7.5
64 7.5

98
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2) The cost of fabrication of the modified drier is only
Bs.1,250/~ which is lower than that of C.P.C.R.I. model

(rs.1,500,00).

3) Instead of aluminium trays used in the C.P.C.R.I.

model, wire meshes were used in the new model.
4.2.5 Modified C.,P.C.R.I. model cocoa drier with blower

The changes in moisture content of fermented beans
using modified C.F.C.ii.I. model cocoa drier with electric
motor zre given in Table 7. A graph showing moisture
loss vs time is furnished in Fig. 27, The moisture
content of the dried bean was about 7.6 per cent which was
achieved in 42 hours, ‘The result showed thiat for drying
one kg of fermented beans approximately 0.611 K....H. of
electrical energy was necessary which was hicher than

modified C.7.C.R.I., model. The pH of the dried beans
was 5.2 and cost o{ d»ﬁ&ﬁ was 86 Pslﬁ_

4.,2.6 Agltation type multistage drierx

The capacity of the drier was 90 kg. The results of
the experiment for drying cocoa beans using this drier
with 90 kg of fermented cocoa beans at 47°C with an air
flow rate of 0.4 m3/second are given in Table 8., The

graphical representation of the result is also glven
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Table 7. Moisture content vs time, table for the
modified C.P.C.R.I. model cocoa drier
with blower

Time Moisture content

(hours) (%)
0 54.0
3 44.0
6 37.5
9 29,0
12 23.0
15 18,0
18 15,0
21 14.0
24 13.5
27 12,0
30 10.0
33 9.0
36 8.0
39 7.6

42 7.6




Table 8. Test on Agitation type multistage drier (Initial_weight of cocoa beans 90 kg:

Initial air temperature 47°C; Air quantity 0.4 m3/second)
Time Intermediate temperature Exit Inlet Intermediate air humidity Exit DMoisture
(hours) {°cC) tempe~  air air content
Tl T2 ' T3 T4 r?sgfe g:?;_ Hl H2 H3 H4 gzﬁi- (%)
0 ' 54.4
1 38,0 37.0 3€.0 34.0 32.5 40 44,0 51.5 56,5 63,0 69.0 48.4
2 39.0 37.0 36.0 34,0 32.5 40 44.0 51.5 56.5 63.0 69.0 44 .8
3 39,5 37.0 36.0 34.0 32,5 40 44,0 51.5 56.5 63.0 69.0 40.4
4 39,5 37.5 36.0 34,5 33,0 40 44.0 51.0 56.0 63.0 69.0 46,0
-] 39.5 37.5 36.0 34,5 33.0 40 43.5 51,0 56.0 62,5 68.5 32.0
6 40.0 37.5 36.5 35.0 33.5 40 43,5 51,0 55.5 62.5 68.5 28,0
7 40.0 38.0 37.0 35,0 33.5 40 43,0 50.5 55.5 62.5 68.5 28.0
8 40.0 38.0 37.0 35.5 34.0 40 43,0 50.5 55.5 62.0 68.0 21.0
9 40.0 38.0 37.0 36,0 34.0 40 43,0 50.5 55.0 62.0 68.0 17.2
10 40.0 38.0 37.5 36.0 34.0 40 43.0 50,0 55.0 62,0 67.5 14.4
11 40.0 38,0 37.5 36,0 34.5 40 42.5 50.0 54.5 61,5 67.5 11.0
12 40.0 38,0 37.5 36,0 34.5 40 42,5 50,0 54.5 61.5 67.5 9.2
13 40.% 38,0 38,0 36.5 35.0 40 42.5 50,0 54.0 61,5 67.5 8.0
14 41.0 38.5 38,0 36.5 35.0 40 42.0 48,5 54,0 61.0 67.5 7.6
15 41,0 39.0 38.0 36.5 35.0 40 42.0 48,5 54,0 61.0 67.5 7.6

£01
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in Fig. 28 to 30. The moisture content of the beans was

reduced from 54,4 to 7.6 per cent in 15 hours of operation.

The atmospheric humidity during the experiment was
80 per cent., The humidity of thc air and 1ts temperature
at various stages that 1s at the inlet, intcrmediate
positions and at the outlet are given in Table 8, and
griphically recorded in Fig., 29 and 30, The multistage
drier conserved heat by 45 per cent whicn otherwise would

have been wasted as in the other driers.

Also the results cobtained for drying the beans at
three temperctures (56°C, 47°C and 42°C), at two air flow
rates (0.4 m%/second and 0.2 m3/second) and two
cuantities (90 kg and 60 kg) were also found out and were

tabulated in Table 2.

The details of the result of the experiment are
given 1n Table 10 to 20 and are graphically recorded in

Fig. 28, 31, 32, 33, 34 and 3S.

From the experiment conducted for drying, using
various gquantities of be&ns, with different temmerature
and air flow, it can be seen that for drying 90 kg
of fermented cocoa beans, a temperature of 47°C and an
air flow rate of 0.4 m3/second is 1deal for this type of
drier as the enerqgy consumed/kg of bean is least in this

case (0o6865 KOWQH‘).
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Table 9. Agitstion type multistage drier
Sl. (uantity Temper- Air flow Time Energy pH
No. of beans ature 3 taken consumption
(kg) (°C) m /Sec. (hours) KeWHe
1 90 56 0.4 13 0.81163 5.1
2 90 47 0.4 15 0.6865 5.3
3 90 42 0.4 24 0.6984 5.3
4 60 56 0.4 11 0.99843 5.1
5 60 47 0.4 13 C.85496 5.2
6 60 42 0.4 17 0.69303 5.3
7 90 56 0.2 14 0.84715 5.2
8 S0 47 0.2 16 0.70151 5.3
9 90 42 0.2 26 0.70662 5.4
10 60 56 0.2 12 4.10892 5.3
11 60 47 0.2 14 0.920 5.3
12 60 42 0.2 19 0.69303 5.4




Table 10, Test on Agitation type multistage drier (Initialsweight of cocoa beans 90 kg:z
Initial air temperature 56°C; Air quantity 0.4 m™/second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (°c) tempe- alr air content
LT, Ty T, (o atey M1 P By My gy O
o S4.4
1 45.0 44.0 42.5 41,0 39,5 38 41,0 44,0 51.0 62,0 65.0 48 .4
2 45,5 44.0 42,5 41.0 39.5 38 41.0 44.0 51.0 62,0 65.0 43,0
3 45.5 44,0 42.5 41.0 39.5 38 41,0 44 .0 51.0 62.0 65.0 37.0
4 46.0 44.5 42.5 41.5 40.C 38 40,5 43,5 51.0 61.0 64.5 32.0
5 46.0 44.5 42,5 41.5 40,0 38 40,5 43,5 50.5 61,0 64.5 27.0
é 46.5 44.5 43,0 41.5 40,5 38 40.5 43,5 50.5 61,0 64.0 22,0
7 47.0 45,0 43.0 41,5 40.5 38 40,5 43,5 50.5 61.0 64.0 19,2
8 47.0 45.0 43.0 42,0 40,5 38 40,0 43.5 50.5 60.0 64.0 14.4
9 47.5 45.0 43.0 42.0 40.5 38 40,0 43,0 50.0 60.0 64.0 11.6
10 47.5 45.0 43.0 42,5 41.0 38 40,0 43.0 50.0 60,0 63.5 9.4
11 47.5 45,5 43.5 42,5 41.0 38 40.0 43.0 $0.0 60,0 63.5 8.0
12 47.5 45.5 43.5 42,5 41,0 38. 40.0 42.5 49,5 €0.0 63.0 7.6
13 47.5 45.5 43,5 42.5 41.0 38 39,5 42,5 49,5 59.C 63,0 7.6

60T



Table 11, Test on Agitation type multistage drier (Initial_.weight of cocoa beans 90 kg:

Initial air temperature 42°C; Air quantity 0.4 m3/second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Mosijure
(hours) (°c) termpe~ air air content
WO, Ty T, TGg ey M M Ry Hyoay W)
0 £4.4
1 39.5 38.0 36.0 34.5 31.5 4 S51.0 57.0 63.0 &7.0 70.0 51.0
2 39.5 38.0 36.0 34.5 31,5 41 51.0 57.0 63.0 67.0 70.0 47.6
3 39.5 38.0 36.0 34.5 31.5 41 51.0 57.0 63.0 67.0 70.0 44.4
4 39.5 38,0 36.0 34.5 31.5 41 51,0 57.0 63,0 67.0 70.0 41.4
5 39.5 38.0 36.0 34.5 31.5 41 50.5 57.0 62.5 66.5 70.0 39,0
6 39.5 38.0 36.0 34.5 32.0 41 50.5 5€.5 62,5 66,5 69.5 36.0
7 39.5 38.0 36.0 34.5 32.0 41 50.5 5€.5 62.5 66.5 69.5 34.0
8 39.5 38.0 36.0 34,5 32.0 41 50.5 56,5 62.5 66.5 69.5 31.0
9 39.5 38,0 36.0 34.5 32.0 41 50.0 56.0 62.5 66.0 69.5 28.4
10 40.0 38.0 36.0 34.5 32.5 81 50.0 56.0 62.0 66.0 69.5 26,0
11 40.0 38.0 36.0 35.0 32.5 41 50.0 56.0 62.0 66.0 69,5 24,0
12 40.0 38.0 36,0  35.0 32.5 41 50,0 56,0 62.0 66,0 69,0 21.0
13 40,0 38.0 36.0 35.0 32.5 41 50,0 56.0 62.0 66.0 69.0 18.6
14 40.0 38.5 36.5 35,0 32.5 41, 50,0 56,0 61.5 65.5 69,0 16.2
15 40.0 38.5 36.5 35.0 32,5 41 45.5 356.0 61.5 65.5 69.0 14.6
16 40.5 38,5 36.5 35.0 33.0 41 49.5 56.0 61.5 65.5 69.0 12.8
17 40.5 38.5 36.5 35.0 33.0 41 49.5 56,0 61.5 65.5 69,0 11.2

01T



Table 11, (Contd.)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit PMoisture

(hours) (°c) tempe~ air air content
, rature humi- humd -
T T, s T4 (°c) aity N Hy Hy Hy aigy R
i8 40,5 38,5 36,5 35.0 33.0 41 435.5 55.5 61.0 65.5 68.5 10.0
19 40.5 38.5 37.0 35.0 33.0 41 49,5 55.5 €1.0 65,5 68.5 9.0
20 40.5 38.5 37.0 35.0 33.0 41 49.5 55.5 £1.0 65.0 68.5 8.4
21 40.5 38.5 27.0 35,0 33.0 41 49.5 55.0 60.5 €65.0 68.0 8.0
22 40.5 38.5 37‘.0 35,0 33.5 41 49.0 55.0 60.5 65,0 €8.0 7.8
23 40.5 38.5 37.0 35.C 33.5 41 49.0 55.0 60.5 65.0 67.5 7.6
24 40.5 38,5 37.0 35.0 33.5 41 49.0 55.0 60.5 64.5 67.5 7.6

|49



Table 12%.

Test on Agitation type multistage drier (Initial.weight of cocoa beans 60 kgs

Initial air temperature 56°C; Air quantity 0.4 m”/second)

Intermedicte air humidity

Time Intermediate temperature Exit Inlet Exit Moisture
(hours) (°C) tempe- air air content
T T2 T3 T, Coo g?iéf Hy M) Hy g g:ﬁ;" (%)
0 44,0 42.0 40,0 38.C 35.5 38 41.0 46 .0 52.0 56.0 59.0 54.4
1 44.0 42,0 40,0 38,0 35.5 38 41.0 46.0 52.0 5€,0 59.0C 44,0
2 44,0 42,0 40,0 33.0 35,5 38 41.0 4€.0 52.0 56,0 59.0 37.8
3 44,0 42.0 40,5 38.0 35.5 38 41.0 4€.,0 52.0 55.5 59.0 32.0
4 44,5 42,0 40,5 38,0 36.0 38  40.5 46.0 5%.5 55,5 58.5 26.0
5 44,5 42.06 41,0 39,0 36,0 38 40.5 45.5 51.5 55.5 58.5 21.0
6 44.5 42.5 41 .0 39,0 36.5 38 40.5 45,5 51.0 55,0 58.5 17.0
7 44.5 42,5 41.5 39.5 36.5 38 40.5 45.5 51,0 55.0 58.5 13.6
8 44.5 43,0 41,5 398.5 37.0 38 40,5 45,5 51.0 55.0 88.0 10.4
9 45.0 43,0 41.% 39.5 37.5 38 40.0 45.0 51.0 54.5 58.0 8.4
10 45,0 43.5 42.C 40.0C 37.5 33 40,0 4540 50.5 54.5 58.0 8.0
11 45,0 43.5 42.0 40,0 38.0 38 40,0 45.0 505 54.5 58.0 7«6

¢11



Table 13,

Test on Agitation type multistage drier (Initial
Initial alr temperature 47°Cy; Ai: cuantity 0.4 m

/second)

3weight of cocoa beans 60 kg

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (°C) tempe- air air content
Ty T, Ty T, CO° Gy M H Hy  Hy YR o
0 40 44,0 51.0 55,0 59.0 65.0 54.6
1 42.5 40,5 38.5 36.0 34.5 40 44,0 51.0 55.0 59.0 65.0 49.0
2 42.5 40,5 38.5 36.0 34.5 40 44,0 51.0 55,0 59.0 65,0 43.0
3 42,5 40.5 38.5 36.0 34.5 40 44,0 51,0 55.0 59.0 64.5 38,0
4 43,0 41,0 39,0 36.5 34.5 40 44.0 50.5 54.5 58.5 64.5 32.0
5 43.0 41,5 39.0 36,5 35.0 40 43.5 50.5 54.5 58.5 64.5 28,0
6 43.0 41.5 39.0 36.5 35.0 40 43.5 50.5 54.5 58.5 64.0 24.0
7 43,5 41.5 39,0 37.0 35.0 40 43.5 50.0 54,5 58.0 64.0 20,0
8 43.5 41.5 39,5 37.0 35,5 40 43,5 50,0 54.5 58.0 64,0 16.0
9 43,5 41.5 39.5 37.0 35.5 40 43.0 50.0 54.0 58,0 63.5 12.6
10 44.0 42.0 39.5 37.5 35.5 40 43.0 50.0 54,0 58.0 63,5 10.0
11 44.0 42.0 40.0 37.5 36.0 40 43.0 49.5 54.0 57.5 63.0 8.4
12 44,0 42,0 40.0 38,0 36.0 40 43,0 49,5 54.0 57.5 63.0 7.6
13 44,0 42,0 40.0 38.0 36.0 40 42.5 49.5 53.5 57.5 63.0 7.6

e1l



Table 14,

Test on Agitation type multistage drier (Initial_weight of cocoa beans 60 kg:
Initial air temperature 42°C; Air quantity 7.4 m”/second)

Time Intermediate tenperature ExXit Inlet Intermediate air humidity Exit Mdisture
(hours) (°c) tempe- air alr content
T, T, T, 1, Tlo et H, Hy Be iy O
0 54,0
1 38.0 37.0 35.0 33.0 31.5 41 47.0 52.0 59.0 61,0 7.0 50.0
2 38,0 37.0 35,0 33.0 31.5 41 47.0 52.0 59.0 61,0 72.0 46.0
3 38.0 37.0 35.0 33.0 31.5 41 47.0 52.0 59,0 61.0 72.0 42.0
4 38.5 37.0 35.0 33.0 31.5 41 47.0 52,0 58.0 61,0 72.0 38.0
5 3345 37.5 35.5 33.0 31.5 41 47.0 52.0 58.5 605 71.5 34.6
6 38.5 37.5 35.5 33.5 31.5 41 47.0 51.5 58.5 60.5 71,5 31.0
7 38.5 37.5 35.5 33.5 32.0 41 46.5 51.5 58.5 60.5 71.5 28.0°
8 39.0 38.0 35.5 33.5 32.0 41 46,5 51.5 58.5 60.5 71.0 25.0
9 39.0 38,0 36,0 33.5 32.0 41 46.5 51.5 58.5 60.0 71.0 22.0
10 39.0 38,0 36,0 33.5 32.0 41 46.5 51.5 58.0 60.0 71.0 20.0
11 39.0 38.0 36.0 33.5 32.0 41 46,5 51.5 58.0 60.0 70.5 17.0
12 3%9.0 38.0 36.0 34.0 32.0 41 46.5 51.5 58.0 59.5 70.5 14.8
13 39.5 38.5 36.5 34.0 32.5 41 46.5 51.5 8.0 59.5 70.5 12.0
14 39.5 38.5 36.5 34.0 32.5 41 46,5 51.0 57.5 59.0 70.C 10.0
15 40,0 3845 36.5 34.0 32.5 41 46.0 51.0 57.5 59.0 70.0 8.6
16 40.0 38.5 36.5 34,0 32.4 41 46,0 51.0 57.5 59.0 70.0 7.6
17 4C.0 3845 36.5 34.0 32.4 41 46.0 51.0 57.5 59.0 70.0 7.6
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Table 15. Test on Agitation type multistage drier (Initia13weight of cocoa beans 90 kg;
Initial air temperature 56°C; Air quantity 95,2 m”/second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (°Cc) tempe~ air air content
Ty Ty T3 T, o) gimtlé- Hy Hy ta Hy 31“3;‘,' )
0 54.0
1 45,0 42,5 39.0 35.5 32,5 36 48.0 55.0 60,0 65.0 71.0 46.0
2 45.0 42,5 39,0 35,5 32,5 36 48,0 55.0 60.0 65.0 71,0 37.0
3 45.5 43.0 39.0 35,5 32.5 36 48.0 55.0 60.0 65,0 71.0 33.0
4 45.5 43,0 39.8 36.0 32,5 36 48.0 55.0 60,0 65.0 70.5 24,0
5 46.0 43,5 39,5 36,0 33.0 36 47.5 54.5 60.0 64.5 70.5 23,6
6 46 .0 43.5 39,5 36.0 33.0 36 47.5 54.5 59.5 64.5 70.5 19,6
7 46,5 43.5 39.5 36.5 33.5 36 47.5 54.5 59.5 64.5 70.0 16.8
8 46,5 44,0 39.5 36.5 33.5 36 47.5 54,5 59.5 64.5 70.0 14.6
9 47.0 44,5 39.5 37.0 33.5 36 47.5 54.5 89.5 64.5 70,0 12.0
10 47.5 44,5 40.0 37.0 34,0 36 47.0 54.0 59.0 64.5 70.0 10.0
11 47.5 44.5 40,0 37.0 34.0 36 47.0 54,0 59.0 64.5 69.5 S.4
12 48,0 45.0 40.5 37.0 34,0 36 47.0 54.0 52.0 64.5 69,5 8.0
13 48.0 45,5 40.5 37.5 34.0 36 47.0 54,0 58.5 64,0 69.0 7.6
14 48.0 45.5 40,5 37.5 34.0 36 47.0 54,0 58.5 64,0 69.0 7.6
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Table 16, Test on Agitation type multistage drier (Initia13weight of cocoa beans 90 kg;z
Initial air temperature 47°C; Alr qguantity 0.2 m~/second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (°C) tempe-~ air alr content
T T2 T3 T, o) giwg- Hy Hy Hy Hy 31“'3;” (%)
0 39 54.6
1 41.0 39.0 36.5 34,0 33.0 39 49.0 54.0 59.0 64.0 69.0 48,0
2 41.0 39.0 36,5 34.0 33.0 39 49.0 54,0 59,0 64,0 69.0 41,8
3 41.5 39.5 36.5 34,5 33.5 39 49.0 54,0 59.0 64.0 69.0 36.2
4 41.5 40.0 37.0 34.5 33,5 39 49.C 53.5 5845 64.0 69,0 31.0
5 42,0 40.5 37.0 35,0 33.5 39 38.5 53.5 58.5 63.5 68.5 26.2
6 42.5 40,5 37.5 35.C 34,0 39 48,5 53.85 88.5 63,5 68.5 22.4
7 42.5 41.0 38.0 35.5 34.0 39 48.5 53.% 58,0 63.5 68.% 19.4
8 42,5 41.0 38.0 35.5 34,0 39 48,% 53.5 58.0 63,0 68.0 16.6
9 43.0 41 .5 38,5 36.0 34.0 39 48,5 53,0 58.0 63.0 68.0 14 .4
10 43.0 41.5 39,0 36.0 34,5 39 48,5 53.0 57.5 62.5 68,0 12.4
11 43.5 42,0 39.5 36,5 34.5 39 48.5 53.0 57.5 62.5 68,0 11.2
12 43,5 42,0 39.5 3740 34,5 39 38.0 52.5 57.5 62,8 67.5 10,2
13 44.0 42,0 40,0 37.0 34,5 39 48,0 52.5 57.0 62.5 67.5 9.0
14 44.0 42,5 40,0 37.5 34,5 39 47.5 5245 57.0 62.5 67.5 8.0
15 44,5 42,5 40.5 37.5 35.0 39 47.5 52.0 56.5 62.5 €7.3 7.6
16 45.0 42.5 40.5 37.5 35.0 39 47.5 52.0 56.5 62.5 67.0 7.6
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Table 17. Test on Agitation type multistage drier (Initialaweight of cocoa beans 90 kgy
Initial air temperature 42°C; Air quantity 0.2 m”/second)

Time Intermedlate temmerature Exit Inlet Intermediate ajir humidity Exit Moisture
(hours) (°c) tempe~ air air content
T T T T rature humi- H H H H humi -

1 2 3 4 (°c) aity 1 2 3 4 aity (%)
0 40 53.0 59.0 63,0 67.0 72.0 54.4
1 39,5 38.0 36.0 34.5 32,0 40 53.0 59.0 63.0 67.0 72.0 58.4
2 39.5 38.0 36.0 34.5 32.0 40 53.0 59.0 63.0 67.0 72.0 48.0
4 39.5 38.0 36.0 34.5 32.0 40 52.5 58.5 62.5 67.0 72.0 42.5
L} 39.5 38.5 36.5 34,5 32.0 40 52.5 58.5 62.5 66,5 71.5 40.0
6 38,5 38.5 36.5 34.5 32.0 40 52.5 5845 62.5 66,5 71.5 37.2
7 40,0 38.5 36.5 34,5 32.0 40 52.5 58.5 62.5 66.0 71.5 35.0
8 4,0 38,5 36.5 34.5 32.5 40 52.5 58.5 62.5 66.0 71.5 32.0
9 40.0 38.5 36.5 34.5 32.5 40 52.0 58.5 6245 66,0 71.5 29.6°
10 40,0 38.5 36.5 35.0 33.0 40 52.,0. 58.5 62.5 65.5 71.5 27.6
11 40.0 38.5 36,5 35.0 33.0 40 52.0 58.0 62.5 65.5 71.5 25,6
12 40.0 38.5 37.0 35,0 33.0 40 52,0 58.0 62.b 65.5 71.0 25.6
13 4C,.0 38.5 37.0. 35.0 33.0 40 52.0 58.0 62.0 65.5 71,0 21.8
14 40.0 38.5 37.0 35.5 33.0 40 51.5 58.0 62.0 65.5 71.0 19.6
15 40.0 38.5 37.5 35.0 33.0 40 51,5 87.5 62.0 65.0 71.0 17.2
16 40,0 39,0 37.5 35.0 33.0 40 51.5 87.5 62.0 65,0 71.0 15.8
17 40,5 39.0 37.5 35.5 33.0 40 51.5 87.5 62.0 65,0 71.0 14,0
18 40.5 39.0 37.5 35.5 33.5 40 51.5 $7.5 61.5 64.5 71.0 13,0
19 40.5 39,0 37.5 35.5 33.5 40 51.5 57.5 61l.5 64.5 70.5 12.0
20 40.5 39.0 37.5 35,5 33.5 40 51.5 57.0 61.5 64.5 70.5 11.0
21 40.5 39.5 37.5 35.5 33.5 40 51.5 57.0 61.5 64.5 70.5 10.0
22 41.0 39.5 37.5 35.5 33.5 40 51.0 57.0 61.5 64.5 70.5 9.0
23 41.0 39.5 38.0 35.5 34.0 40 51.0 57.0 61,5 64.0 70.0 8.2
24 41.5 39.5 38.0 36.0 34,0 40 51.0 57.0 61.5 64.0 70.0 8.0
25 41,5 39.5 38.0 36.0 34,0 40 50.5 57.0 61,0 64.0 70.0 7.6
26 41 .5 39.5 38.0 36.9 34.5 40 50.5 57.0 61.0 64.0 69.5 7.6
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Table 18. Test on Agitation type multistage drier (Initial3weight of cocoa beans 60 kg;
Initial air temperature 56°C; Air quantity 7.2 m”/second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (°C) tempe-~ air alr content
T, T, T, o g‘;‘;‘;' H, H, H, H, gﬂ‘;" (%)
0 54,6
1 48.5 47.0 45,0 42,5 40,0 36 43,0 52.0 56.0 60.0 68.0 42,0
2 48.5 47.0 45.0 42.5 40.0 36 43,0 52.0 56.0 60.0 65.0 34.4
3 48.5 47.0 45,0 42.5 40,5 36 43,0 52.0 56.0 60,0 65.0 29.0
4 48.5 47.5 45,0 43,0 40,5 36 42.5 52,0 55.5 59.5 64.5 24,0
5 49,0 47.5 45.5 43.5 41.0 36 42,5 51.5 55.5 59.5 64,5 20.0
6 49.0 47.5 45,5 43.5 41.0 36 42.5 51.5 55.5 59.5 64.5 17.0
7 49.5 47.5 46.0 43.5 41.0 356 42.0 51,0 55.0 59.0 64.0 14.0
8 49.5 47.5 46.0 43,5 41.5 36 42.0 51.0 55.0 59.0 64.0 11.8
9 49,5 48,0 46,0 44,0 41.5 36 42,0 51.0 55.0 59.0 63.5 9.8
10 50.0 48.0 46.5 44.0 42.0 36 41.5 51.0 54.5 58.5 63.5 8.4
11 50.0 48.5 46.5 44.5 42,5 36 41.5 50.5 54.5 58.5 63.0 7.6
12 50.0 48,5 46.5 44.5 42.5 36 41.5 50.5 54.0 58.5 63.0 7.6
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Table 19,

Test on Agitation type multistage drier (Initial,weight of cocoa beans 60 kg:

Irdtial air temperature 47°C; Air quantity 0.2 m”/second)

Time

Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (°c) tempe- air air content
T T2 T3 T4 o ﬁféj{ H1 Ha H3 Hg 21“1‘;' (%)

0 39 45.0 57.0 59,0 64,0 69,0 54.0
1 41.5 39.0 37.5 36.0 34.5 39 45,0 57.0 59.0 64,0 69.0 47.0
2 41.5 39.0 37.5 36,0 34,5 39 45,0 57.0 59.0 64,0 69.0 40.,6
3 41.5 39,0 37.5 35.0 35.0 39 45.0 56.5 89.0 64.0 62,0 34,6
4 42.0 39.5 37.5 36,5 3540 39 44.5 56.5 5845 64.0 63.5 29.4
5 42.0 39.5 38.0 35.5 35.0 39 44.5 5645 5845 6345 68.5 25,0
6 42.0 39.8% 38,0 37.0 35.5 39 44.5 56.5 58.5 63.5 6845 21,2
7 42.0 39.5 38.58 37.0 35.5 39 44.0 56,5 58.5 63.5 68.5 17.8
8 42.5 40.0 38.5 37.5 35.5 39 44.0 56.0 58.0 63.0 6845 15.4
9 42.5 4040 39.0 37.5 35,5 39 44,0 56.0 58.0 63.0 8.0 13.0
10 42.5 40.5 39.0 37.5 36,0 39 43,5 56.0 58.0 63.0 €8.0 11,0
11 42.5 4C.5 32,0 38.0 36,0 39 43.5 56,0 575 62,5 €3.0 9.4
12 42.5 40.5 39.5 38.0 36,0 39 43.0 56.0 57.5 02.5 67.5 8.0
13 43.0 41.0 398.5 32.0 36.0 39 43,0 55.5 57.5 6245 67.5 7.6
14 43.0 41.0 39.5 38.0 36.0 39 43.0 56.0 57.5 62.5 62.0 7.6
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Table 20. Test on Agitation type multistage drier (Initialsweight of cocoa beans 60 kg;

Initial air temperature 42°C; Air quantity 7.2 m™/second)
Time Intermediate temperature Exit Inlet Intexmediate air humidity Exit Moisture
(hours) (°C) tempe~ air air content
Ty T, Ty T, leey gﬁ? Hy H, Hy Hy giw:;— (%)
0 54.4
1 38.5 37.0 35.0 33.5 32.C 40 48.0 54,0 63.0 67.0 69.0 49 .4
2 38.5 37.0 35.0 33.5 32.0 40 48.0 54,0 63.0 67.0 69.0 44.8
3 38.5 37.0 35.5 3345 32.0 40 48.0 54,0 63.0 €7.0 62.0 40,4
4 38,5 37.5 35.5 34,0 32.0 40 47.5 54,0 63,0 66.5 68.5 36.6
5 39,0 37.5 35.5 34,0 32.5 40 47.5 53.5 62.5 €66.5 68.5 32,6
6 39.0 37.5 35.5 34,0 32.5 40 47.5 53.5 62.5 66.5 68 .5 28 .8
7 39.0 37.5 35.5 34.0 32.5 40 47.5 53.5 62.5 66.0 68 .0 26.4
8 39.5 38,0 36.0 34.5 33.0 40 47.0 53.5 62.0 66.0 6€8.0 23.2
9 39,5 38,0 36.0 34.5 33.0 40 47.0 53.5 62.0 65.5 €7.5 20.4
10 39.5 38.5 36.5 35.9 33.0 40 47.0 53.5 62.0 65.5 67.5 18.4
11 33.5 38.5 3645 35.0 33.0 40 47.0 53.0 62,0 65.5 67.5 16.0
12 39.5 38.5 36,5 35.0 33.0 40 47.0 53.0 61.5 65.5 67.0 14.6
13 40,0 38.5 37.0 35,0 33.0 40 46,5 53.0 61.5 65.0 67.0 13.0
14 40.0 38.5 37.0 35.5 33.0 40 36.5 53.0 61.5 65.0 67.0 11.8
15 40.0 39.0 37.0 35.5 33.5 40 46.5 53.0 61.0 65.0 6645 10.4
16 40.0 39.0 37.0 35.5 33.5 40 46,0 53.0 61.0 65.0 66.0 9.2
17 40.5 3¢2.0 37.5 35.5 33.5 40 46.0 52.5 60.5 64.5 66.0 S.2
is 40.5 39.0 37.5 35.5 33.5 40 45,5 52.5 60.5 64.5 66.0 7.6
19 40.5 39.0 37.0 35.5 33.5 40 45.5 52.0 60.5 64.5 65.5 7.6
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Electric energy for hsater = 3 K.,W.H,
Blower motor (0.5 HP) = 0,373 K.W.H.

Prime mover of reduction )
) = 0,746 X.,W.H,

gear box (1 h.p. motor) )

Total energy recquired for)
= 4.119 1\‘."‘1 .H.
one hour of operation )

Total energy required for)
) = 4,119 x 15
15 hours of operation )
= 61. 785 K.W.H,

For drying 1 kg of )

) = 61,785
fermented cocca beans, ) 90

)
electrical energy required) = 0.6865 K.W.H.

The moisture content of the dried beans was about

7.6 per cent,

The pH of the dried beans was 5.1 to 5.4, hence the
quality of the beans vwas better than other types of
¢riers tested. As the Leans were moving in the drier
better uniformity in drying was achieved and they were
not exposed to high tem.erature continuously which
helped in meintaining the quality of the beans. The
drying time was reduced conslderably. Energy consumption
was less and cost of drying was only 50 per cent compared
to other driers (Fig.36). Due to stage by stage drying, the

loss of heat is reduced and hence the thermal efficiency

is high, Q73Z,)
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The cost calculated for drying in the various types
cf driers are sppended (Appendix-II) and illustrated in
Fig. 36. From the results the cost of drying 1 kg of
fermented bean in different types of driers tested are

given in Table 21,

From the data furnished in Table 21, it can be
observed that the cost of drying 1 kilogram of fermented
bezns was least in Agitation type Multlistage Drier having
a capacity of 2000 kg (Re. 0.,22), followed by modified
C.P.C.R.I. model (Re. 0.36) and Agitation type multistage
drier, having a capacity 90 kg (Re., 0.45). In modified
CeFP.C.R.I. model with blower, the cost of drying 1 kg
of fermented bean was as high as Re.0.,56. Considering the
quality of the dried beans in terms of moisture content and
pH, the agltation type multistage drier with a capacity

of 2000 kg is found to be the most effective and economic,
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Table 21. Cost of drying one kilogram of permented
beans in different types of driers
: Cost of drying
8l.No. Name of drier per kg. (Re)
i Bulb heated drierx 0.50
2 Modified bulb heated drier 0.47
with 500 watts electric coil '
3 C.}-)OC.ROI. mOdel 0.53
4 Modified C.F.CeRe.I. model .36
5 mdified CoePeCeaRoels mael 0056
with blower '
] Agitation type multistage N.45
drier capacity 90 kg
7 Agitation type multistage 0.22

érier capacity 2000 kg
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SUMMARY

Cocoa is one of the important beverage crops
grown in Kerala. It is mainly grown as a mixed crop
in coconut and arecanut gardens, The present area
under cultivation of cocoa in Kerals is estimated
to be 25,000 hectares and the annual production is

about 4600 connes.

Cocoa beans deteriorate rapidly in guality after
removal from the pods, Proper preliminary processing,
naxely fermentation and drying of fresh beans, is
essential to Gevelop and retain the characteristie
chocolate taste and f£flawour., Though large scale
planting of the crop was taken up in this country
during the seventies no serious attention was paid

to its processing aspect,

The cocoa farmers of Kerala sell their cocoz pods
to the nearest ¢cocca collecting centres or socisties.
The preliminary processing of fermentation and drying
are done at the collection centres and subsequently
these dried beans are sent to the secondary processing

centres or factories.

Fermentation involves keeping a mass of cocoa

beans well insulated sc that the heat generated during
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the fermentation is retained at the optimum level. During
this process air is alloved :to pass through the mess.

The process lastsup to seven days and is followed
immedilately by drying.

Drying constitutes the second part of curing, The
objective of drying 1ls to dehydrate the beans sufficiently,
to ensure that they will not puirify or develop unpleasant
odour during the piriad of storage. At the end of
fermentation the molsture content of beans is about 85
per cent and this must be reduced tc 7 to 8 per cent for
safe storage, The rate of drylng varies greatly according
to the method employed. If drying is too slow there is a
possibility that moulds may develop on the outer side and
may even penetrate the shell. There is a further danger
that unplesasant flavours may also develop by slow drying,
Where climate is €avourable , drying is done in the sun,

For satisfezctory drying and for large quantities of
cocoa beens to be 4dried sun dryling cennot be adopted
under unfavoursble weather conditions. The problem is
especially severe in regiong with heavy rain during the
harvest period. In Kerala the rainy season concides with
peak harvest and make sun drying difficult. To overcome

this, artificial methods of drying becomes necessary.

Most of the existing driers utilise firewood or oil
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as heating source for air heating. The main drawbacks
of these driers are the high cost of firewood and fuel
oil as vell as inadequacy in their availability. Sun
drying is the most popular method followed in Kerala,
though the peak haxvest period coinecides with the rainy
season. This results in improper drying and deterio-
ration in the quality of the cocoa product to a great
extent, Artificial driers are not readily available in
the market., Attempts were made in K.A.U. and C.,P.C.R.I,,
for developing sulteble driers for cocoa. KaA.U,
developed a bulb heated driexr, which has a capacity

of 30 kg/loading. 7The C,°.,C.R.I. developed an electric
coil heated drier with a capacity cf 50 k¢/loading.
Both these driers are sultable only for smelli scale

processing,.

1t was decided to test the existing driers. It
was also decided to modify the existing mouel to improve
their efficiencies, The quality of the beans drled in
the sun and different moccls were tested. The

details are glven below,

The cocoa beans after fermentation was dried in
the sun, The process of drying continued upto seven
days, before the desired dryness was cbtained, pH of

the dried bean was 5.2.



The rate of drying affects the pHd of the dried beans.
Quick drying decreases the pH of the beans or in other
words increases the acidity of the beans, According to
. international standards pH varies from 5.3 to 5.6. The
above value of pH ($.2) is close to it. Hence the

quality of the bean was satisfactory.

A bulb heated driex developed earlier in K.,A.,U., was
tested. The capacity of the dfler was 30 kg of fermented
beans, The bean could be dried to the desired moisture
content in 38 hours. The moisture contents of the
dried beans was about eight per cent. ¥rom the results
it was seen tnat for drying one kg of fermented beans
approximately 0.760 K.W.H. of electrical energy was
required, pH of the dried beans was 5,00, The bulb
heated drier fitted with a 500 watts electric coil heater
was also tested. Beans could be dried to the desired
molsture content in 34 hours. loisture content of the
dri=d beans was about eight per cent, Approximately
0.57) K.W.H. 0f eclectrical energy was required for
drying, one kg of farmented beans. pH of the dried
beans was 5,00. The cost of drying per kg of fermented

beans wags Re,0.47.

A modified C,P.C.R.I. model cocoa drier was
fabricated and tested, The capacity of the drier was
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60 kg of fermented beans, Beans could be dried to the
required mcisture content in 64 hours. Final moisture
content of the dried beans was about eight per cent,
The result revealed that approximately 0,530 K.W.H. of
elecirical energy was required for drying one kg of
cocoa, Cost of drying per kg of fermented cocoa beans
vag Re., 0,36, Quality of the dried beans was satise

factory, because pH was 5.10,

The modifled CP.CoR.Is model fitted with a 0.5 h.p.
electric motor and blower was alsc tested. BSeans could
be dried to the desired moisture content in 42 hours,
Enexrgy sequired for drying one kg of fermented beans was
approximately 0,610 K.W.H. and the cost of drying per kg
of fermented beans was Re, 0.55. pH of the dried beans

was 5.2.

The primary aim of this project was to develop a
low cost mediunm size drier for drying of cocoa without
impairing 1ts cuality. With this in view an agitation
type electrically heated multistage drier of 90 kg
capacity was designed, fabricated, tested and its
economics worked out. Prime mover of the blower was
0.5 h.ps variable speed motor. Rate of alr flow was
varied with the help of the variabls speed motor coupled

to the blower. In this drier tests were carried out



vith two quantities of cocoa (90 kg and 60 kg) two
different rates of air flow (0.4 ma/second. 0.2 m3/
second) ané three different temperatures (56°C, 47°C
and 42°C). Air temperature and humidity at various
sections of the drier were noted. Also the weight
loss of the bean at hourly interval was assessed using
an infrared moisture meter. The pH of the dried beans
was tested by using a digital pH meter, Prom the
experiment conducted, using various quantities of
beans, with different temperature and air flow, it was
found that for diying 90 kg of c¢ocoa beanh. a
tempersture of 47°C and en air flow recte of C.4 m3'
second were 1ldezl for this type of drier, The energy
consumad fcr drying was approximately 0.69 K.W.h.

per kg of beans, The pH of the dried beans was 5,3

which wvasg withir zzfe limit. <Cost of drying was Re.0.45,

Results of thce shove experimnents revealed that
unl foradty in dryling of cocoa beans could be achieved
only with nroper agitaticn and alr fiow., This could be

achieved with the acitation type mulilstage drier,

One of the objectives of this project was to
evolve sultsble design of equipment for dryving large
quantities of cocoa beans, With this in view an
agitation tyre multistage drier of 2000 kg capacity
was designed., From the cost analysis it was found that
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the cogt of drylng one kg of beans was only Re. 0,22,

The c¢ost of drier was about Rs.23,000/-,

The advantage of aglitation type miltistage drier

are as follows:

a)

b)

c)

a)

e)

£)

Due to the stage by stage drying the loss of heat
is reduced and hence the thermal efficiency is high

Cost of drying was only 50 per cent of the other

type of driers

Energy consulption was less comgpared to other type

of driers

Drying time was reduced considerably

Uniformity in drying was achievsd in this driex

As the beans were moving in the drier they were not
exposed <o high temparature, centwinucusly, Which

helped in maintainiag the quality of the beans.
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Appendix-I Agitation type Multistage drier 6f
capacity 2000 kg - Design

a) Screw conveyer

The conveyer discharge capacity 1s 50 kg for one
revolution of the scraper (Assume). As per the data
available for rotary type cocoa driers rpm of the
drier is below one rpm. Hence assume rpm of the
drier is 0.9. That is one revolution takes 1.1

minutes,

Hence the discharge capacity is

50 kg
1.1 minutes = 45.45 kg

It is found that 700 kg of cocoa beans taken for this

study has a volume of 1 ma.

. Volume of 45.45 kg = 4323

= 0,0649285 m>/minute

i.e. 6492.285 cm’/minute
Giving space for two cocoa beans, take
pitch of the screw = 3,6 cm

Preliminary studies on the conveyer speed revealed
that 2 speed between 70 to 75 rpm is optimum. Hence

assume the screw rotates at 72 rpm.



In a minute the axial displacement = 3,6 x 72 com

= 259.2 om

Minimum diameter reguired may be calculated using the

equation
- )
/4 @ x 259,2 = 6492,.85
/6492 55 x 4
i ameter T
= 17.85 om

For the space occupied by the spindle conveyer blade ete,

given an allowance of 25 per cent on diameter.

1.25 x 17.85

I

Hence the diameter of the spiral
= 22,32 om

Take 'D! | = 24 om

It is found that for uninterrupted fall of the cocoa beans
from the drum through the chute and a smooth upward travel
the conveyer should be set at 45° and should have a length
of 4 to 4.5 metres. Hence for comparability assume

120 turns of the screw.

o Axial length = 120 x 3.6
= 432 cm

Since the conveyer can have a maximum inclination of 45° in
similar cases, the conveyer screw is set at an angle of

45° t¢ the horizontal.
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b) Spiral power and shaft diameter tkgf'

)y
i

N

+ 50!‘8

In the ideal case the work done by the conveyer 1ls

the work required to 1lift 45.45 kg of cocoa per minute,

through a distance of 432 cm xX sin 45°., But major work

has to be done in order to overcome the resistance. For

the ideal case work done

.s h.p.

However,
assume that

h.pe.

Torgue on the

teking the friction

conveyver shaft

45.45 x 4.32 x &=
13

i

138.84 kg,m/minute

_ 138.84
4500

i

0.0309

into consideration

= 045

_ 0.5 x 45G0
2x 7% 72

= 4,97

= 2,99 x 100
= 497 kg cm
497 kg cm
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= 497

- 18 x49ﬂ 1/3

' 7x 350

= 1,934 com

Assumme a shaft size of 25 mm to account for weakening of

the shaft due tc spiral groove to accommodate ithe conveyer

blades.

c) Support of the drier

From actual measurement weight of the motor unit was

125 kg, vweight of the reduction geat unit was 155 kg and

the weight of the drying unit, 3000 kg (including 2000 kg

of cocoa beans).

Effect of eccentric load

Load dueto resisting moment, let it

F1q4-rlgj-rln3

Load due to driving gears
Load due to drum and contents

Total

l%é on one colwn

be F,. Thus

f

1

125 xB2.

_ 125 xg2.
QQA+GZ£389

&0167 kg
160 = 53,3

3
000
2

W

== = 1000 kg

[y

5.
=52 + 4967+ 1000 $53-3

1136.6% kg



Assume that 'C' section supported the set up.

Treating
the support as long column
Rankain's formula P = 2§5&é&—-——5
1
1+ a X
_ fc x 6
113B8.64 = 3
3 300
1+ 5565 (7.54
£ = 54/.%. kg/cm®
c = Yo W% g/cm
Steel can safely take a compressive stress of more than
Hence, factor cf safety =5}Oap = 1,85  Fence

This is Sbgb

a) Fixed tray

The plate may be considcered as a circular plate

supported at the ends and subjected to a uniformly distri-

buted rressure over the entire area,

Circular nlate uvniformly loaded, the thickness of the
plate with a diameter,

*D*, supported at the circumference

and subjected to a

uniformly distributed pressure ‘p' over

total aree, is given by
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t ===C1 b fP7E
Where C = Coefficlent which may be
taken as 0.42 for .S,

£ = 800 kg/cm® for M.S.
A = /4 (D°- &%)
P
A = /s (1002 - s2)
= T7834,34 cm2
- ___5Q
= 9534.34

6.382 x 10™° kg/cm?

f5.006382
t = 0,42 x 100 % 260

0.118 cm

H

L}

3 mm

For rigidity tske, t
e) Scraper

Torgue on the scraper spindle may be calculated from

the following £acts.

As the scraper hes to distribute the cocoa beans over

the plate, assume

3

Herse power =

As per the data available, for rotary type cocoa driers rpm

is below one. Hence assume rpm of the drier is 0.9
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= hepe X 4500 x 100
2x 7 XN

Torque T

= 2,.% 4500 x 100
X 009 X

= 159154.94 kg cm
This torque is shared by 20 scrapers.

Torque of each scraper = 522%§£‘2£

|

7957.75 kg cm

49 cm

"

Length of each scraper

Assume 2,5% of this amount as a resistance moment offered

by the cocoa beans. This creates kending moment on the

scraver,
8 . _ 2.5
Bencing moment on each = §F& X 7957.75
scraper
= 198,94
6 x b2 x £
Bending mcment = 3
Assume a width of 2 cm,
2
t X 27 x 800 -
3 198,94
t ol B
2” x 800
= 00373 cm

Take thickness t = 1 cm
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£) Coupling

The diameter of the output shaft is 5 em. The hub

Sdlametzr 1.6 x the diameter of the shaft

s Hub diameter = 1,6 x5 = 8 cm
Let the thickness of the flange= % x D =% w5
= 2,5 om

Let there be 3 pins arranged in the periphery of &

circle of diameter 1.9 D

Say 95 mm

Let the pin diemeter be 10 mm

The overall diameter of the flange will be

2.5 x dlameter = 2,8 x 5§ = 12,5 om

The coupling on the drier shaft will be similar in
dimensions but instead of the projecting pins, the
flange will cerry holes, tc house the projecting pins.
This is shown in the diagram. The overall length of

each flange including the hub will be taken as

1.5 d = 1.5 x5 = 7.5 am
g) Gear drive
Horse power = 2

]

Input speed 1440 rpm (motor speed)



At the first stsge, this is reduced with the help of
a worm to a speed ratio of 1140, The wheel shaft at the
first reduction has a spur gear, which drive another
counter shaft, that carries another step, the speéd ratio

being again 1:40, thus the output shaft speed is

1/4 x 1/40 x 1440 = 0,9 rpm

The two worm drives are ldenticsl. The worm and

gear design and the spur gear design are as follows:

1) Worm gear

Tna centre Jdistence ecuation is

¢ A i,
Xn 27 8ink Cos
VWhere 'C' is the centre dimtance kbetween shaft n
is the normal lead

’]\is the lead angle
/
VR iz the velocity ratio
C .
The value 05;2:'5’ will be least, corresponding

to the conditlon that the velocity ratio

VR Cot 3 7\
Cot 37\

cot P = 3.42

i

L}

40

16.29° = 16°

—/
n
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The centre distance between the shaft will bhe assumed

as 80 mm
c N I T
Z:n 27 ¢ Sin/ COS/'\
8 _ vl -
An 27 | Siny ' 40
- Cos 16
/ 16 7
an = 1 40
1\' P& {t1 &- A —————— E—————————
(Normal lead) Sin 16 + Cos ig]
= 1,11
; n o 1.1 -
Axial lead oy Cos 1€ 1.15

Number of starts on the worm will be 1 (single start)

Axial pitch = 1,15 ¢cm
- o 1.15
Module m R < = b2
L ]
= (0,366
Choose o module of 4 mm
Axigl pitch = Jxm = 7Tx 0.4
= 1,26 cm
Normal pitch = 1,26 X Cos 16
= 1.21 cm
Centre distance ‘'C!
_ 1 ] _a vr _ |
L 'ZF‘Sin\JrCos/\J
Aiv L. / —
| 1 - 40
27 Sin 16 Cos 16



C
pE 7.2
c = 7.2 %x 1,11 = 7,992 em
C = 8 cm
Number of teeth on gear = Number of threads on worm X

velocity ratio

=1 x 40 = 40
Pitch diameter of worm ‘'@ = -—EL——\ = 226
7 tan 7 tan 16
‘::1.401“
2Addendum circle diametex = d 4+ 2 m

= 1,4 + 2 %X .4

= 2,2 enm

Didendum circle diameter = 2 -2 m
= 1,4 -~ 2 X 0.4

= 0,6 cm

Length of threaded portion = 1

1 = (1,25 + 0,09 + ng) m
ng = No, of teeth on gear

1 = (12,5 + 0.09 x 40) 0.4
1 = 6.44 cm

Allowing for the feed marks for the grinding wheel the

the length will be taken as 8 cam
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Fitch diameter of the worm wheel D = 40 x 0.4 = 16 cm
Addendum circle diameter e D4+ 2 m

= 16 + 0.4 x 2

= 16,8 cm
Didendum circle diameter 'Dd' = 16 - 054 x 2
= 15,2 cm
Out side diameter = Da + 1.8

= 1608 bod 1-5
= 18,3 cm

Rim width = (04,67 Da
= (.67 x 16.8
= 11,256 cm

ii) Spur gear

Let Dg be the diameter of the gear and Dp be the
diameter of the pinion assume the centre distance to be

9 cnm.

P+ D
_E_E..E = 9 om

Trhe gesr ratio

°g
i = 1
P
= D
Dg P
-.o D = D = 9 com



The speed rstio of gears

o Fitch line velocity

VWhere, N
g

Pitch line velocity

The tangential locad ft

VWhere 'v' is the pitch line velocity

VWhere ’CS' is the service factor

Assume C8 as 1,2

Using the "Lewis" equation

£e

Where ft

0

oI ¢ )

Where ”d

L]

]

——
=

- = 36 rpm

71D x H_ metres
Dy x Ny /
hinute

rpm of the 8ear
7x 0.09 x 36
10.18 metres/minute

h.p. > 4500 x Cs

———

v

2 x 4500 x 1.2
10.i8

1060.90

80b.§7.E)0

Tangential load
allowable dynamic stress
Face width

Lewis factor

Circular pitch

==éé; Cv

=

Permissible static
stress
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Assume 62; = 1400 kg anz
c . 4,58
v 4,58 + v
Where v = Pitch line velccity
c _ __4.58
v 4.58 + 10.18
= 0.310 metres/second
s = 1400 x 0.31 = 434 kg/cm®
b = Face width = 10 module
= 10 m
v = 0,124 - 0.684
=z
Yhere 2 = Number of teeth
y = 0,124 ~ 0.684
z
Assume '‘m! = 6
: _ 20
o 6 - 2
z = %g = 15 teeth
8] 4
v = 0,124 - £28% = 0,0
= 00,0784
P = 7 Xm
ft = B.h.v.p.
1060,9 = 434 X 10 m x 0.0984 x/7x m
1060,9 = m2
434 x 10 x 0.784% xF
- r 1060.9
m /¢34 x 10 x 0.0784 x 7

= 0,996



Number of teeth on gear

Addendum

Didendum

Tooth thickness

Tooth space

wWorking decth

Whole depth

Clearance

Pltch diameter

Cutside diameter

Root diameter

Fillet radius

i

i

]

i

i

i

it

it

it

2% = 9 teeth

10

3
Y

1,25 m
12,5 mm
1,5708 m
15,708 mm
1.5708 m
15,708 mm
2 m

20 mm

2.25 m
22,5 mm
0.25 m

2.5 mm

zn

9 x 100 = 90 mm
(Z + 2)m
110 mm

(z - 2.5 m)
65 mm

Oed m

4 mm
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h) Screw conveyer gear

Velocity ratio = 10 (Assume)

Centre distance = 5 cm (Assume)

. s )
An 277 [ sin ) Cos) /

where, 'C' is the centre distance between the shaft

n is the normal lead

VR = CO't3

10 = cot?)

Cot /\ = 2,15
/= 250

The centre distance between the shaft will be assumed as 5

5 _ 1 1 __, 10
;-(:n 27 | 8in 25° Cos 25°
An = 1C T
(Normal lead}
3 . 10
sin 25 Cos 25
= 2,34 cm
< n 2,34
——————a— I emmmat—
Axial lead = Cot Cos 25
= 2,58 cm

Number of starts on the worm will be 2 (Double start)

2458

Axial pitch = = 1,29 cm
» - 1.29
Module m - = T



Choos a module of 4 nm

Axial pitch =
Normal pitch =
=2

C 3

An

C =

C= =

Number cf teeth on gear =
Fitch of worm ‘4! =
a P=

Addendum circle diameter =
Didendum circle diameter =

il

=

Length of the threeded pertion=

1 > (1.25

7 X 0.4 = 1,26 cm
1,26 x Cos 25
1,14 cm

1 1, _10
27 | Sin 25 Cos 25
1

ocvn + 10__
2 Sin 25 Cos 25

4,96 = 5 cm

Number of threads on worm x

velocity ratio

2 X 10 = 20

Lead - _2.34
7tan ) X tan \

1.6 cm

d+ 2xm
1.6 + 2 x 0.4

2.4 cm

d-2m

1,6 = 2 x 0.4
0.8 cm

1

+ 0,09 x ng) m
+ 0,09 x 10) 0.4

1 = 5,36 cm
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Allowing for thc feed mark for the grinding wheel the length

will be taken as 6 cm

Pitch dlameter of the worm wheel

o
{

= No, 0f thread x m

]

20 x 0,4 = 8 cm

i

Didendum diameter DA 8 - 0,4 x 2

]

7«2 cm

Addendum diameter Da =D+ 2 m
=8+ 0,4 x 2
= 8,8 cm

Outside diameter Do = Da + 1,5

8 + 1,5 = 9,5 am

Rim width = 0.67 X 8

5.36 cm

"

1) Heating coil

Heating coil is designed based on the result obtained
from the prototype studies. The moisture content of freshly
fermented beans was found to be 55%. The recommended
moisture content for safe storage is 6%. The moisture
content of the freshly fermented beans used for the
protctype studies was 55%, This was brought down to 6%,
after 15 hours of drying, in the prototype modecl.

(90 kg, 0.4 m%/second, 47%C).
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Energy recuired = 3 x 15 = 45 K,W.H,

The heat energy required to mXx L.H.V,
dry 90 kg of beans ’Ze

]

Amount of moisture
removed in kg

(1 - Mwb27

Where m

90 (0,55 -~ 0.06)
(1-0.6)

il

46.91 kg

45 x 860 kilocal- = X LeHeVe
orles ,7(

{Z({. m X LoI‘i QV.
45 x 860

i

4€.91 x 600
45 x 860

e

e Y 7&!\‘? % = 73%

]

0.727

Heating coil capacity of 2000 kg drier = ?

The heat enerqgy regquired to dry 2000 kg of cocoa beans from
an initlal moisture content of 55% to a final moisture

content of 6%
= mx L.,H.V,

e
- Q1 (Mwb1 - Mwbz)
(1 - Mwb23




= 2000 (0,55 - 0,06)

1042,.55 kg

o Heat energy required = 10426§%3x 600

i

. Electric energy required = §Sgggo.4

]

9956.38 K.W.H,

From the result obtained from prototype model,
arying time = 15 hours
o The heating coil capacity= 2%%%;3

= 66,42 K.W.H.

Take 67 K.W,He.

£56890.4 kilocalories

total
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Appendix-II Economic analysis of different types of
driers
i) Bulb heated drier

ii)

Cost of drying of one kg of fermented = Re. 0.50

beans
(from literature review)

Modified bulb heated drier with 500 watts electrical

colil heater

Manufacturing cost of the structure
of the drier

Electrical coill heater

Total manufacturing cost

Running cost for one year 3%—

= Rs. 500,00

= Rs, 250.00

Rs. 750.00

121 loadings

After deducting repair and maintenance time etc. take

100 loading

For each loading quantity of
fermented cocca beans

For 100 loading total quantity of
fermented beans dried

For each kg of fermented beans,
energy required

0.500 x 3¢
( 30 0.,56666 )

H

30 kg

30 x 100

3000 kg
0.56666 K.W.H.



ii1)

Labour charges for each loading

161

RS 08/"'
(Approximate)

Total labour charges for 100 loading = Rs.800/~

For 3000 kg of fermented beans
energy required

Total energy charges for 3000 kg of
fermented beans @ Re.0,30/K.W.H.

-
-

Total running charges for 100 loading=

Considering maintenance and repairs
Maintenance and repairs

(3% of fixed cost)

Depreciation (10% of fixed cost)

Total expense for drying 3000 kg of
fermented cocoa beans

Drying expense per kg of fermented
cocoa beans
Say Re., 0,47

Cel’eCeRels model drier

Manufacturing cost of the drier

Running cost for one year égé

=

0.56666 x 3000
1700 K.W.H.

Rs.510 + 800
RS.l‘ 310/"

T%E x 750
RS.22.,50

10
100

RS.?S/-

x 750

Rs,1,310 + 22.5+ 75
RS.1’407050

1407,.50
3000

Re, 0,469

Rs. 1,500.00

91,5 loadings
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After deducting repair and maintenance time etc. take

90 loadings for each loading, quantity of
Fermented cocoa beans dried

For 90 loadings total quantity of
fermented cocoa bean dried

For each kg of beans energy required

For 3600 kg of fermented beans energy
required

Total energy charges @ 0.30/K.W.H.

Labour charges for each loading
unleoading, mixing etc.

Total labour charges

Total running charges for 90 kg

Consider maintenance and repair

Maintenance and repair
(3% of fixed charges)

Depreciation (10% of F.C.)

Total drying expense for 3600 kg of
fermented cocoa

i

il

40 kg

3600 kg

0.8125 KOWOH.

0.8125 x 3800

2925 K.W.H,

R8.877050

Rs., 9/“

9 x 90 = Rs.810/-—

Rs.810 + 877.5

Rs.1,687.50
3

Too X 1500

Re, 45/'"

.10 g

10 x 1500

RS.ISO/"

1687.5 + 45 & 150

Fs.1,882.50
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Drying expense/kg of fermented cocoa - 3%%%3§‘
beans = Re, 0,53
iv) Modified C.P.C.R.I. model
Fixed cost
S1.No. Particulars Cost
1 Single phase 230 volts, = 250.00
50c¢/s, Electric heater
500 watts
2 Plain glass 1" x #" x 1/8" = 28,00
size, 2 Nos
3 Hard wood reaper 32 m = 83.00
4 Reaper hundle 1" - 1 bundle = 52,00
5 2" x 2" x %“ M.S.flat 10 kg = 60.00
6 14" x 1" angle iron 10 kg = 60.00
7 Wiremesh 15' x 3' - 1 No, = 152,00
8 Asbestos sheet 6' x 4'-2 Nos= 166,00
9 Nut, bolt, nails, screws etc= 50,00
10 Varnish, primer paints etc., = 80,00
11 1%" x 1" angle iron 5 kg = 30,00
12 Labour charges and = 239,00
miscellaneous items
1250.00
Running cost
Time taken for completion of the = 64 hours

drying



Electrical energy required for
drying (each loading

Energy charges @ Re.0.30/K.W.H, for
each loading

Labour charges for each loading

For one year 2%2

After deducting maintenance and repair,

for 90 loadings, total quanmtital of
fermented beans dried

Electric energy required for drying
1 kg of fermented beans

Electric energy required for drying
8400 kg of cocoa beans

Total energy charges @ Re.0.30/K.W.H.

Labour charges for 90 loading

Total running cost

= 0.500 x 64

= 32 KeW,H,

= RS. 9.60

= Rg,10.00
(Approximately)

[}

91.25 loading

take 90 loadings

#

90 x 60
= 5400 kg

= 3

6
0

(w; {8

.5333 K.VJ.H.

= 0,533 x 5400
= 2879.98 K.W.H.

2879.98 x 0,3

]

= Rs, 863,99

i

90 x 10

= 863.99 + 900,00
= RS, 1'763099



Consider maintenance and repair and depreciation

Maintenance and repair )
=100 X 1250
(3% of fixed charges)
= Re. 37050
Depreciation, 10% of fixed cost = -f%% x 1250
= Rs,125,00
Total expense for drying 5400 kg of = 1763.99 + 37.50 +
125.00

fermented beans

Rs., 1926.49

Drying expense/kg of fermented beans =4 ;ﬁ&:g

= Re, 0,36

v) Modified C.P.,C.R.I. model with % h.p. motor and blower

Manufacturing cost of the structure of = Rs. 1000,00

the drier
RBlectric coil heater = Rg, 250,00

[ Y
3 h.p. electric motor, blower and its = gsgg,gg
fittings ¢
Running cost (for one year)

For one yeax 363 = 182.,5 loadings

2

After reducing maintenance time etc., take 150 loadings,

Quantity of fermented beans dried for = 60 kg
each loading
For 150 loading = 60 x 150

9000 kg

16
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(500 + 373) x 42
60

Energy reculred for each kg of

fermented beans
= 0.6111 KOWQHC

Energy required for 9000 kg of = 0,6111 x 900
fermented beans 5499.9 K.W.H.
Total energy charges @ Re. 0.30/K.W.,H. = Rs, 1645.97

Labour charges for each loading = Rs, 26,00
(Approximately)

Total labour charges for 150 loading = 20 x 150
= Rs, 3000.00

Total running charges = 1649.97 + 3000,00
Rs, 4649,.97

Consider maintenance and repair charges and depreciation

Malntenance charges

= g3 x 2750
(3% of fixed charges)

= Rs, 82,50
Depreciation (10% of fixed charges) = 5%5 x 2750

= RS. 275.00

Total expenses for drying 9000 kg of = 4649,97 + 82,50 +

fermented beans 275.00

Drying expenses per kg of fermented - 5007.47
9000
beans
= 0.556

= Re. 0.56



vi)

Agitation type, multistage drier (capacity 90 kg)

Fixed cost (Manufacturing cost of the drier)

Sl.No.

1

10
11
12
13
14
15
16

Particulars

Reduction gear box, horizontal
to vertical drive, speed
reduction 1:1600 using worm and
spur gear for fitting a motor
of rating 1 h.p.

1 h.p.electric motor

Axial tyre blower with 0.5 h.p.
motor

Cogt gmz

2,000.00

1,000.00
1,000.00

Electric heater 4.5 K.W., sultable 1,500.00

for operation from 440 V, three
phase 50 cycle, A.C., complete
with thermostat control

C. Channel 50 kg
Worm and pinion 1 set

Electric goods, including,
starter etc.

100 mm thick M.3. sheet 50 kg

20 gauge M.S. gheet 1 no.

1%" x 1" Angle iron ! full length
M.S. rod for shaft 25 mm 15 kg
Flange coupling 1 set

Belt 3 Nos.

V pully 2 Nos.

Ball bearing 4 Nos.

Taper roller bearing

350.00
100.00
700,00

300.00
250,00
70,00
100,00
50,00
75.00
50.00
100.00
25.00
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17 Paint and primer 50.00
18 Other materials 100,00
19 Fsbrication charges 1,500.00

Total = 9,320.00

Running cost

For one year 2%2 = 182.% load

After deducting malntenance and repair time, take 150

loadings

For each loading, quantity of = 90 kg

fermented cocoa beans

For 150 loading, quantity = 90 x 150
= 13500 kg

For each loading electrical energy
regquired

(Take 90 kg, 47°C, 0.4 m3/second
loading)

18 % (3 KW.He + % KWHe + 1 K,WoHe) = 67.5 K.W,.H,

67.5 x 0,3

Energy charges ¢ Re., 0.30/X.W.H,

for each loading Rs., 20.25

L]

Total energy charges for 150 loadings = 20.25 x 150
= Rs,3037.50

Labour charges for each loading = Rs, 12,00



Total labour charges of 150 loading =

Total running cost for 180 loading =

150 % 12

Rs, 1800.00

3037.5 + 1800

Rs.4837.50

Consider maintenance and repalr and depreciation also

Maintenance and repalr charges
(3% of fixed charges)

i

Depreciation (10% of fixed charges)

[}

Total expenses, for drying 13500 kg =
of fermented cocoa beans

L]

Drying expense per kg or fermented
beans

L]

-i-g-dx 9320

Rs. 279.60

o= x 9320

Rs., 932.00

4837.5 + 279.60 +
932.0¢C

0049.10
6049,10
13500
Re, 0.448

Re, 0,45

vii) Agitation type multistage drier (capacity 2000 kg)

Cost analysis

A, Manufacturing cost of the drier
Sl,No. Particulars Cost (&)
1 Reduction gear box, horizontal 3,000.00

to vertical drive, speed reduction
1600:1, using worm and spur gear
for fitting a motor of rating

2 h.p. 1 No,
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&l .50,

10

11
12
13
14
15
16
17
18
19
20

Particulars

2 h.p. electric motor - 1 No

Axial flow type blower with
1 h.p. motor

Electric heater 67 KW, suitable
for operation from 440 V, three
phase, 50 cycle, A.C. complete

'C! Channel - 100 kg

¥Worm and pinion - 1 set

Electrical goods including
starter etc,

10 mm thick M.S. sheet - 200 kg
20 gauge M.S. sheet 2 Nos

14" x 1" angle iron one full
length

M.S. rod for shaft 75 mm, 50 kg
Flange coupling 1 set

Belt - 3 Nos

V - Pully - 2 Nos

Ball beering 4 Nos

Taper roller bearing

Paint and primer

Other materials

Fabrication charges

Miscellaneous items

Total

Cost (Rs)

2,000,00
2,500.00

5,000.00

700.00
250.00
1,000.00

1,200.00
500.00
150,00

400,00
100.00
150,00
100.00
200.00
50,00
200.00
1,000.00
2,500.00
2,000.00

23,000.00
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B. Running cost (for one year)

For one year égg = 182.5 loading

After reducing maintenance time etc., take 150 loading

For each loading, quantity of loading = 2000 kg
For 150 loading = 150 x 2000
= 300000 kg
For each loading electrical energy = (67 + = + 2) x15%
regquired = 70 x 1§

= 1050 K.W.H.

Enexrgy required for drying 1 kg of 1050
fermented beans
= 0.525 KeWe.Ho,

Labour charges for each loading and = Rs, 100.00

unloading

Total energy charges for each loading, = 1050 x 0.3

@ Re. 0.30/K.W.H. = Rs. 315.00

Total running charges = 315 + 100
= Rs.415,.00

Considering malntenance and repalr and depreciation also,

then
FPor each loading electrical energy required = 1050 K.¥W.H.

For 150 loading, electrical energy requirxed = 1050 x 150
= 157500 KeWeH.



Total energy charges @ Rs,0.30/K.W.H.

Total quantity of cocoa dried

Total labour charges for 150 loading

Maintenance and repairs
(3% of fixed cost)

Depreciation (10% of fixed cost)

Total expense for drying 300000 kg
of cocoa beans

Drying charges per kg of fermented beans

l.e.

172

47250.00
2000 x 150
300000 kg
150 x 100
Rs.15000.00

3
10 x 23000

Rs. 690,00

i0
166 x 2300

Rs. 2300.00

47250 + 15000 +
680 + 2300

Rs. 65240.00

65240
300000

Re. 0.217

22 paise
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- ABSYRACT

An investigation for the development of an
electrically heated, multistage, agitation type cocoa
drier, suitable for the Kerala conditions for drying
of cocoa beans without impairing the quality, was
conducted in the Agricultural Engineering Department
of the College of Horticulture under the Kerala

Agricultural University.

The mini box fermentation method developed in
Kerala Agricultural University was selected for
fermentation of the beans. The fermented cocoa beans
were dried inbthe sun., The pfocess of sun drying
continued upto seven days. The pH of dried beans was
5.2, which was very close to the pH range, 5.3 to 5.5
for good quality beans as per international standards.
Hence, the quality of the beans was considered

satisfactory.

A bulb heated drier developed earlier in K.A.U.
was tested., The capacity of the drier tested was 30 kg
of fermented beans. The bean could be dried to the
desired moisture content in 38 hours. The moisture
content of the dried beans was about eight per cent.,

From the result it was found that for drying one kg of
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fermented beans approximately 0,760 K,W.H., of electrical

enexrgy was required. pH of the dried beans was 5,00.

The bulb heated drier was modified and fitted with
a 500 watts electric coil heater was also tested., Beans
were dried to the desired moisture content in 34 hours.
Moisture content of the dried beans was about eight
per cent, The result showed that approximately 0.57 K.W.H.
of electrical energy was required for drying one kg of
fermented beans, The gquality of the dried bean was
satisfactory because pH of the dried beans was 5,0.

The cost of drying per kg of fermented beans was Re.0.47.

A modified C.P.C.R.1I. model drier of capacity 60 kg
of fermented beans was fabricated, tested and economics
worked out. For attaining the required moisture content
of about eight per cent, the time taken was 64 hours,

The result revealed that approximately 0,533 K.W.H. of
electrical energy and an amount of Re, 0,36, was required
for drying one kg of fermentc<d beans. pH of the dried
bean was 5.1 and hence quality of the dried bean was also

satisfactory.

The modified C.P.C.R.I. model drier fitted with an
half h.p. electric motor and a blower was also tested,
Beans were dried to the desired moisture content in 42
hours. The result showed that for drying one kg of

fermented beans approximately 0.610 K.W.H. of electrical
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energy was required. Cost of drying per kg of fermented
bean was Re. 0,56, Quality of the dried beas was

satisfactory since pH was 5.2,

An agitation type electrically heated mulﬁistage
drier of 90 kg capacity was designed, fabricated, tested
and its economics was worked out. Tests were carried out
with two quantities of cocoa (i.e. 90 kg, and 60 kg),
different quantity of air (i.e. 0.4 m°/second, 0.2 m>/
second) and varying temperatures (i.e. 56°C, 47°C and
42°C). Air temperature and humidity at various sections
of the drier were noted., Also the weight loss of the
bean at every hour of drying was noted by using an
infrared moisture meter, and the final pH of the dried
bean by using a pH meter., From the experiment, using
various quantities of beans, with different temperature
and air flow, it was found that for drying 90 kg of
cocoa beans a temperature of 47°C and air flow rate of
0.4 ms/sec was optimum, for this type of drier. The
energy consumed/kg of bean was appromimately 0.69 K.W.H.
The ﬁH of the dried beans was found to be 5.3 and hence
the quality of the dried bean was satisfactory. Cost

of drying per kg of fermented bean was Re, 0.45,

One of the objectives of this project was to
evolve suitable design of an equipment for drying large

quantities of cococa beans.
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With this in view an agitation type multistage
drier of 2000 kg capacity of fermented beans was
designed, From the cost analysis it was seen that the
cost of drying one kg of bean was only Re. 0.22., The
cost of the drier was about Rs,23,000/-.

The advantage of agitation type multistage drier

are as follows.

As the beans were moving in the drier better
uniformity in drying was achieved and they were not
exposed to high temperature continuously which helped
in maintaining the quality of the beans. The drying
time was reduced considerably. Energy consumption was
less and cost of drying was only 50 per cent compared
to other driers. Due to stage by stage drying the loss
of heat is reduced and hence the thermal efficiency

is high.
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