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INTRODUCTION

Cocoa is one of the important bever&ge cmps grown

1n X.rala. The forests of Amazon and Or1noc:. are believed

to be the or1ginal home of cocoa. 'l'hoU9h cocoa wu

introduced in India in the early thirtie. its large scale

cuitivation wu st.arted only 1n the aevenUe.. Cocoa 1s

mainly grown as a mixed crop in coconut. and arecanut.

gardens. The annual world production of cocoa i. over

1.5 million tonnes and the demand is ever increasing.

India 1mports about 500 tonnes of beans. The present.

area under cult1vat.ion of cocoa in Kerala 1s estimaud

to be 25,000 hectares and the annual production 1s about.

4,000 tonnes.

COcoa belmS det.eriorate rap1dly in qual!'ty, aft.er

removal from the pods. Proper preliminary processing,

namely ferment.ation and drying of fresh beens, is

essential to develop and re1:a!n the characteristic

chocolate t.aste and flavour. Large scale planting of

the crop w.s ~en up in this country during the

seventies. No serious at.tention was paid to the

processing aspect. Growers are not conver.at. wi t.h the

preliminary post harvest technology of cocoa bean••

Major!t.y of the growers sell wet beans as such to the

cocoa collection centres est.ablished by private fiJ:m8
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or societies, where the preliminary processing is carried

out, which includes fermentation and drying.

Fermentation involves keeping a DaSS of cocoa beans

well insulated, so that heat generated during the

fermen'tation is retained at the optimum level. During

this process air is allowed to pu. through the mas••

The process last. upto seven days and 1. followed

immediately by drying.

The basic operation of drying cocoa beans is done

for reducing the moisture level in the freshly fermented

beans, so as to prevent the growth of microganisms,

during the period of storage.

The process of drying is gov.med by two important

factors.

a) Transfer of heat into the beans to proVide eneroY

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) ReJOOval of moisture lying between cotyledon and testa

c) Drying of cotyledon

2



The physical na~ure of the bean also ohanges signi

fican~ly during 'the drying. Density falls from 700 kg/m3

to 480 kg/a3 which represents an effecUve reduction in

bed depth of 24 per cent.

Where quantiUe. are small and the clima1:e is

favourable, drying is 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

wi th heavy rain, during the harvest period. In India the

rainy season coincides wi th peak harvest and makes sun

drying impossible. To overcome this, artificial methods

of drying must be adopted.

Most of the existing driers utilise firewood and

fuel oil 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

aVailability.

The important factors governing artificial drying

are

a) Difference in temperature between the drying air

and that of the product

b) Air veloei t:y

3



c) Difference in v~ur pressure be~ween the drying air

and that of 'the produc't

The quality of dried been basically depends on the

temperature and low rate of drying air, bean depth and

&gi taUon 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 wi th

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 mostly grain driers, which are not suitable

for drying cocoa. At'tempts were made in K.A.U. and

C.P.C.R.I. 1 for developing su1~le driers for cocoa.

K.A.U. developed a bulb hea1:ed drier, which has a

capacity of 30 kg/loading. The C.P.C.R.I. developed

an electric coil heated drier with a capacit.y of 50 kg/

loading. Both these driers are suit.able 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 peak harvesting season they collect

'q) to two tonnes at. a time and since it coincides wi th

the rain, drying of the beans becomes difficult. for them.

Wi th this in view, a project. "Development of Cocoa Drier"

is taken up. The main object.!ve is to develop a low

cost medium size cocoa drier for drying of cocoa without

impairing its qualities. Other objectJ.'Yes are

a) To compare the performance of the existing types of

artificial cocoa dtiers

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 suitable 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

'!'his project aims at developing a viable technology

and equipment system suitable for large scale drying of

fermented cocoa beans.
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REVIEW OF LITERATURE

2.1 Lotanical description

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

"Theobroma ceceeH
, indigenous to Central and South America.

The increasing popularity of cocoa caused its introduction

for cultivation into various other tropical countries.

Cocoa grows as an inter crop with coconut and arec~~ut.

The cocoa tree belongs to the genus Theobroma a group

of small trees whose natural home is in the Amazon basin

and other ever green tropical areas of South and Central

America. There a:r:e over twenty species in the genus, but

only one Theobrorna cacao is cultivated widely (Wood, 1975).

Cocoa is cauliflourous. The inflorescence arises in

the le2£ axil and is a corn~ressed dichasial cyme. After

a compatible pollination the fruit starts to develop an~

nonnally reaches wat.uri ty in £ive to six months. The

cocoa pod grows neer to the stem and develops into a

longish oval shaped IIgourdlt. The average size can be

anything from 18 cm to 25 em in length 2nd 7 em to 11 em

in dia/width. The colour of the outer shell v2ries and

often ch2nges from green to yellow. As the poe ripens,

the outer layer of the inte~~ent of the seeds within

produces ;: layer of prismatic cells which have a high

6



content of sugar and mucilage. At full maturity, these

cells break dovm end the seed separates easily, each

surrounded by its layer of pulp. The high sugar content

of the pulp is of importance in thG 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 fermentation/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 the cocoa

producing countries in the world. Of the verious methoos,

tray a~d sweat box fermentation methods are most commonly

used.

According to wooo (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

crilled with half inch holes on a two inch square pattern

for drainage of sweatings. Ten or more trays could be

7



stacked one above the other wi til the first or bottom tray

resting on a raised platform and t(e top tray covered

with banana leaves or sacks. Ferrnentc.tion is completed

in 4-6 days.

sweat box fermentation is an improved method of

fermentation, of cocoa. Bridqland (1959) and Salz (1971)

reported on a modified design using boxes of two different

sizes instead of using !)Oxes of one size throughout. The

shallow boxes which are normally used for the first three

days of fermentation are 30 to 50 ern in depth, ':,hile the

deep boxes used for remaining fermentation perioo, are

apprOXimately 75-90 am deep.

Rohan (1958) found that quantities of 70 kg wet

beans could be properly fermented using heap method.

\'iood (1975) 0escribed the methoc:ology of heap fermentation.

In thi~:; method, the "Jet beans heaped on banana leaves are

covered with the leaves therns~lves. The fermentation

process lasts for six days during which time the beans

2re turned twice at intervals of two d2ys. Investi

gations '-lere carried out in the Kerala Agricul turc:l

Universlty to 6evelo:· sui table methods for small scele

feru.ntut.ion. Three :rr,ethcds, mini box, mini tray ane

nini basket. were test.c:d. In e<cch c'.f thE: metho(~s, the

quantitieE: of "Jet bean of 1.5 kg and 3 kg Vlere comrared.

8



The beans were set for fermentation for varying ~eriods,

four days for mini tray method c:nd six days for mini box

and mini b2sket methods (Kurnaran £! .:ll.., 1980). Results

revealed that the mini box ano the mini basket methods,

which involve keeping the bee.ns for six deys and turning

them once in alternate days, were suitable for proper

ferment<..tion of small quantities of cocoa beans.

2.2.1 Efficiency of <afferent methods of ferment2:tion

Many scientists have compared the efficiency of

ciffe2:"ent methocs of fermE'ntatior. and their vc.riation.

Knapp (1934) compared six methods of fermentation

of cocoa beans (Heap, pin, wooden mini box, basket,

plantoin stem frame ano. 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 thut the heap methoc of

fermentE!tion was superior to the pit method.

Rohan (1958) tried heap, sweat box and tray methods.

From the observations made on the physio chemical changes

at different stagts in tl1e cocoa mass, he reported that

\-Jhen heap ferr:oentation was used, the temper2ture on tl1e

surface 10 em layer rose more 1:dpidle than in t.llC centre,

9



causing rapid killing of the beons. Kumaran ~~. (1980)

fermented cocoa beans using ~lcoden mini box, barnbco mini

basket o~c wooden mini tray charged Nith two qJar-tities

c£ be-::mD 1.5 kg and 3.0 kg each. In the case of mini

tray method the beans were fermented for four days and in

the oth, r n,ethoas, six days. They faun6 that for the

:,roper f,- rmentation of small quanti tie~:, turnin:] the

beans once in alternate days is necessar~. The variation

in temperc:,ture followed the sa.me trend in all the ;uethods,

as in the conventional methods using large qu~ltity of

bec::ns. HO~Jever, amon'::i the vclrious containers tried,

wooden con'tainer was found to :be better than the basket,

because of better tempereture retention and aeration.

The quality of tr,e be2ill:3, as ju6ged by thE: cut test and

pH of CurEQ beaLs T..Ja.~; satisf2ctory in thE: woo6en mini box

ili~d banilloo mini basket nctho0s.

2.2.2 Changes during fermentation

Saposhnikova (1952) suggests thct a final pulp - pH

less then 5.00 indicctes defective fermentation.

i,cetic acid bacteria appear earlier in the super

ficial zones of fermenting mass (Roelofsen, 1958). It

might be expected, therefore, that the chcmge in rH of

the pulp would occur more rapidly at the surf~ce.
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Wesiberger ~!!. (1911) 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 more pulp and sugar and these were assmned to

be the major reasons for the acidity of Malaysian beans.

Greater aeration at the end of ferrnentcition 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,

tempercture changes, smell etc. prOVides clues in judging

the end point of ferme.btotlon. In box fermentation,

temperature falls during fermentation but rises after

mixing till the seventh day. After 6-7 days ferment2tion

is completed, temperature falls &~d over feL~entction

sets in as in6ic2ted by the smell of ammonia gas.

The internal appearance of the beens is another

guide to jUdgE proper fermentation and end point. Well

11



fermented beans contain a reddish brown 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 s.c1lTIple show thi s eondition 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 longE?r period. During drying a

considerable reduction in weight and volume of the

materials takes place, along with certain chemical

changes inside the bean which give rise 'to the typical

taste, aroma or flavour associated with good chocolate.

The freshly fermented beans with a loose surface coating

of mucilage, have a maximum initial moisture of ape roxi

mately 55 per cent (w/w) and are dried down to an average

seven to eight per cent to ensure good keeping qualities

during 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 also changes signi

ficantly durlng drying. The density falls from

12



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 los~.;

its moisture in two phases.

a) Through cons'tant drying rate of surface moisture

b) Falling drying rate of internal moisture migrating

from the cotyledon tissue to the bean surface

According the Howat ~!!!_ (1957). it 1s 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 showed

a higher volatile acid content with rapid drying ar.d

extremely slow drying resulted in development of foul

flavour in the bean.

Hoisture content of the bean is a deciding factor

during drying. Knapp (1957) reported that activity of

the cocoa oxidase, an enzyme, falls off rapidly below a

moisture content of 20 per cent. He suggested that rapid

drying must either interfere wlth oxygen intake by 1ili.e

bean in the early stage of drying or the enzymes must be

:lnactiv2ted by (iehydration before sufficient oxidation

has taken place or a cornbination of these factors.

De Vos (1956) n&~d the following conditions as most

important in governing the artificial dryingl

13



a) Difference in tempera'ture be'tWeen the drying air

and that of the product:

b) Difference in vapour pressure between the drying

air 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 beans.

Brid Gland (1959) reconunended that the temperature

of the beans should never exceed 50°C (122°F) during

drying.

Roelofsen (1957) stated that. thp. temperature of the

beans could be tolerated upto 60°C (140°1') but. not above

60°C.

De Vos (1956) used temperature upto 90·C (194 Q 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 SOoC 1n

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.

14



Howat. !S ale (1957) have provided evidence that. air

t.emperature upto eooc and drying time as short as 14

hours are not detrimental to cocoa quality. In fact they

found that. a drying temperat.ure of eooc was most economical

8S regard to fuel conswnption and drying time.

Povel (1958) report.ed that. cocoa beans rapidl¥ dried

contained more ace·tic acid than sun dried, beans and

these beans ge.ve rise to chocolate with fruity flavour.

However, rapid drying within limits specified had no

other adverse effect on flavour.

Slaz (1971) stated that if low air volume and high

terrgerature were employed for initial stage of d~Jing,

the beans would heat up just as fast as the surface

moisture was lost.

t·a th She loss of surface moisture from nib, the bean

will shrink ana the skin will collapse about the nib,

resulting in unattractive and shrunken beans.

2.3.1 Existing system foe drying cocoa beans

2.3.1.1. Drying is done in the sun where quantities are

small and the climate is favourable. The length of sun

drying depends upon the weather. Countries where the

main harvesting 1s 6on€ during dry season, the beans are

dried in the sun (Wood, 1975).

15



According to Mlcheal (1979) demerits of sun drying

are

a) Drying is nonuniform

b) Sun drying needs vast. open space and sufficient

manpower at appropriate time

c) Dus"C, dirt and foreign materials get rllixed with the

cocoa bean during drying on open space

d) Involves extra labour far collecting and re-exposing

durir:g the da:y

According to Allison ~.!l. (1979), advantage of

artificial dLying methods are

a) Drying can be done in foul or fair weather

b) Farme~s cw~ plan their harvest season for efficient

use of available labour

.
c) Permits the farmers to sell a better quality product

Which ;;ill be wort}. more to him aDO to "those Who use it

d-) Drying operation can be controlled more accurately

and thus moisture content of bean can be reduced more

closely to the levels necessary

e) Shatte1.~ing loss and losses due to rodents and birds

are reduced

16
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f) The rate of drying can be eontrolled by adjusting

the temperature of hot air ventilating through the

bean mass

g) Beans can be dried irrespective of weather conditiona,

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 t:1is process

j) Mechanical drying requires much less space (Ongkhenghol,

1Cl77)

k) In Tr'c'JC1, the hec:vy rainy se~gon coincides with peek

harvest ", .."16 nakes sun drying tmpossible. To overcome

this artifici2l mctho~~ of crying have to be adopted

(PaUl, 1982).

2.3.1.2 Samoan drier

This dries the heGne by means of a convection current.

This drier ccnsj.sts of a sinple f]_ue in a plenum chamber

and a perme<:lb.le drying platform a,l:>ove. Air 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 smo~e. Platform of 3.5 x 3 m size will have

a capacity of 225 to 272 kg of dry beans per batch and

t.lote drying period would be one and II half to two days,

but this varies considerably according to the fire and

temperature. The most of fuel consumed has been

estimated to be cne 2nd a half tonnes of fire wood/tonne

o£ 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 is f111e6. ,·lit.h a tv' sh2.pt"d fluf>. 'I'he roof runs on

rails so that sun d~jing C~1.lJ. else, bE done. ThE: cepaci ty

1s three tonnes of dry beans and the drying period 1s

twenty hours (ur<fUhart, 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 through the be2ns give the dried product an

objectionablE- fl"3vour (Rohan, 1979).

2.3.1 .5 Seceder

This i~ u~ed in Brazil and Bahia estates end it mainly

consists of a. simple c:rying floor. A convection current of

hot air is generated by a flue (Wood. 1975).
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This is another type of drier used in Brazil. Hot

air current is passed ttlrough the layers of wet cocoa.

Eight to ;;en treys with mesh bottom filled with wet

cocoa beans are arra."'lged one over the other. The air

temperature is controlled by regulating the adndssion of

cold e.:i.r th.r:ough tlH:' l:ott.orn. Heat is normally supplied

fl.'or:l \JOOO fire (~roo<.l, 1975).

2.3.1.7 flatform driers

This combines sun dtying with artificial drying.

This has a pla't.foLnl 12 m x 6 nl wi til a wire mesh floor

raised about 0.5 m front trw ground. 'Ihe platform is

covered b~ a sliding roof running on rails (Allison et al.,

1964). For artificial drying, the unit is provided with

an oil £1..:'c8. heat e:{cLange,r and 6 fan driven by <: oiesel

engine. The: capa-::i t:t' ,)f tJ-le unit is 2.5 tonnes of dry

cocoa per batch \ihlcb could be cried in less than t\>JO

days (Wood, 1974).

Driers of this type make use of machinery designed

for many purposes and hence a variety of sizes 2nd

capacities a~e available.

2.3.1.8 Bin driers

The dryirlg platform has been replaced by a drying
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bin of similar dimensions as that of platform driers but

holding beans upto a depth of 45 em. 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 uniform!ty 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 rom

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 blo\>,n through the tunnel

and arrangements are usually made for recirculation

(Wood, 1975).

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 heater uses 27 to 30 gallons of

diesel fuel per tonne of cocoa produced (Anselmi, 1979).



2.3.1.13 Drying of cocoa beans by gas

The commercially available gas for house-hold

cooking is used in the gas system for drying cocoa beans,

the heat being applied by inf.ared heaters from the

bottom of a drying platfonn 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 air

entering at the bottom of the plenum ch~lmer forces the

heated air to rise through the layer of drying beans

(Ghosh, 1973).

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 ~~. 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, aluminium

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 quanti ties. After

loading the beans, the trays are placed in the drying

chamber to facilitate uniform drying.

30 kg beans can be dried 1n 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

benefi t from this behaviour. These design have had the

following objectives and design feature.

a) Increased drier throughput a~efficiency 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 agitated 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.
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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 mul ti

stage drying system to introduce interruption or rest

periods which claimed to increase end product quality

and or system efficiency. The argument in favour of

rest periods, where drying efficiency 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 would increase handling

costs if the beans are in fact removed from the drier

for the purpose (Wood, 1975).

2.3.4 Stirring or agitation

Stirring is necessary during the process of drying

in order to achieve uniformity in drying as well as for
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speeding up the rate of drying (Ongkhenghol, 1977).

Hynes (1958) reported that there was a very marked

difference in the rate of drying if the beans were

thoroughly mixed at hourly intervals. It was found

difficul t 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

unformi ty in drying with low percentage of breaking of

beans at a bean depth of ten em. More frequent and

careful raking would be necessary with deeper beds of

cocoa.

\~ymper (1921) has reported the use of a mechanical

agitator in Trinidad with apparent success. The mechanical

agitator used for coffee drying has been used for cocoa

also ~h..15 to 18 em 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 percentage 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 em. The only

disadvantage reported v:1 th these agitations 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.
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Bridgland (1959) mentioned that the speed of the

rotary drier in the first few hours should be apI,roxi

rnately two revolution per rninute l and after that it is

desirable to reduce it to the range of ~ to one

revolution per minute. Slaz had slightly different

recommt?ndation of !-4 revolution every 15 minutes for the

first four to six hours and then continuously at the

speed of 14 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 ~ ~.

(1951) who during a sequence of 11 tests, on a through

flow tray or cabinet type drier at 80°C. showed that the

average post fermentation pH of 4.8 did not change during

artificial drYing. Sun drying control samples showed a

higher pH of 5.2.

2.3.6 Drying temperature and end product quality

Wilbaux (1938) found that tha~ drying attwo

tempeture levels gave better results. Using acidity as

his qualjty 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 C in beds of 15 to 20 em.
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Haynes (1958) working in Malaysia with a small

platform drier (of 0.19 m2) operating at 65.6°C.

produced cocoa which gave chocolate of acceptable

26

flavour. oNeither the cocoa ~ading nor the drying air

flow were specified, though the latter must have been

high (i .e. of the order of 0.2 m/sec) in order to dry

the mass in the specified period of 12 hours.

Jacquet ~~. (1980) in a well controlled sequence

of 12 tests on a laboratory scale. investigated the

through flow drying of cocoa in beds of depth between

10 to 28 em. Drying air temperature of 65 to 111°C were

used and kept cor~stant during any run. High air flows

3were applied (0.37 to 0.94 m Ieee) 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 at al. used a single bean--
layer and sho"J(~d that after 16 hours of drying at an

air temperatu:t:e of 60"C the bean haa 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



air flow the more frequent should be the mixing. Mixing

not only prevents the beans sticking together but also

effectively distributes sensible heat through the bed,

thus reducing the risk of condensation.
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The present s'tUCl1•• were undertaken in the

Department of Agric:::u1tural Bnqineering, 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 .labricat:ed driers were conducted

utilising the following materials and methodology.

3.1 Fermentation

Four wooden boxes having capacities 2 kg, S kg,

11 kg and 16 kg were used, for the fermentation studies.

The pods were broken by hitUng against hard surface,

the wet beans were taken out from the placenta and

transferred 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 gwmy bags. Weight was placed oYer 'the

gunny bags for ferment.at.ion a9~n. 'the beans were mixed

in alt.erna'te days, and were kept for fermentation for

144 hours. The temperature inside the boxes was noted

at t u and 5 pm daily. The mean wtight. loss during
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fermentat.1on 'Was also calculated. The quality of the

beans was t:es1:ed 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 inveaUga:t1ons 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, nlOdified

C.P.C.R.1. 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 1 t. After cooling to

room temperature, the pH was noted using a digital pH
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conditions. The .beans were dried to the required moisture

content after 38 hours of drying_ The readings were

tabulated and a graph wu drawn. Energy required for

drying each kg of fermented cocoa beans was calculated.

Final pH of 'the beans was alao noted.

Modification 1n bu11t he." drier Was done by using

a sao wat.t elect.{ic heaUng coil in.tend of bulbs. This

was fixed at a distance of 15 ~ below the bottom-most

wiremesh (Plate 3 ).

The drier was loaded with 30 k9 of fermented beans,

distributed equally in three trays. Then 'the heater was

put on. The beans were mixed, at an hourly interval and

the trays were interchanged. after every two hours. For

the first 12 hours, the average temperature was saoe and

thereafter the temperature increased to ssoe, under the

loaded condition. '!'he beans were dried to the required
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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.P.C.R.I. model electric heated drier

The drier fabricated consisted of the following:





a) Plenum chamber with an electric heatJ..ng coil

b) Drying chamber

c) Exhaust. air chamber

The materials us.. for construction were asbestos

sheet., wood, wireraesh aDd plain glus. The drier

consisted of four t:.raY8 ..... of wiremesh and wood.

The 'trays were fixed at .. distance of 10 am. The inlet.

end outlet openings for aLr cd.rcula't1on were provided

at the bot.tom and the top of the drier. A 500 w.tot

single phase electric heater of size 60 x 72 em was

used as the heating source aad was fixed below the

bottommost tray (1'19. 1 ) •

3.2 •.&.1 Testing of modtfiecl a.p.e.R.I. model electric

hea1:ed cocoa dl'ie..-

Sixty kilogram of feJ:'B&'1ted beens were loaded into

the trays at. the rate of 11 ltg/uay. Then the doors

were closed and the heat.er Wall switched on. After four

hours' the heater was switebed off for about 15 minutes

and the positions of the trays were interchanged. The

beans in each tray were mixed to avoid sticking to each

other While changing the tray position. 'lbe 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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FIG. No. J.

MODIFIE D C.P C.R.l MODE.L DRIE R

33



34

ixty kiloaJr_
o

.. c. o
t "ho

9 of

00(10& »elma.

abc)WD i P a 4

u.Io."...~ W o. hp

o 2 m I c.

tran d •

P d 1:0

ng

in 0

2. ari

1 9 capac!ty w

th eOOI[1(llll1c:s w wo k out.

. ign

1

000of ~1 r of c.e.p4IlG3~~th same

1 ta eQcmc.s.c out.



FIG. No 2.

MODIFIED C PC R I MODEL DRIER WITH
~ H.P. MOTOR&BLOWER
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• FIG. No.3
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In a minute the ax1a1
displacement
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• 2S'.2 -

Mini... cUamet.er ..equ1n4 ceuJ.4 be calcula'ted using the

equaUon );/f, 42 x 219.1 • lH'

I'X'OII 'this equat10n 'd' V88 worked Oll~ ..

.~:tBJr. -Ii
• 9.1' _

I'or the apace OCftpied by the sp6ncU.., CODYey8r blade etc.

an allowance of II per c:eJ'l~ OIl the di_ur vu giYen

Henee the cU._ter of the
spiral

too. 'c!' • 12_

It. vu found that. for urUnte.l1:'Up'tec! fall of the cocoa

beans ir:om the Clru.m through the chute and. for a IIIDOOth

upvud Uavel the con.eyer should be 8et at. an angle of

f,1- and lIhoulc1 h ...... a length of 1 to 1.Smet:.re hence for

comparebl11 t.y usUlll84 .0 t.urne of the aerew•

••• • 40 x J.6 c:a

'.rook ax!al length • 1.S CJI

Since the eonveyer can have a maxilllWll 1nclin8Uon of f,5°

U a1mi,1ar: c...... the COD.,.,." ......, vas nt. at an antle

••- to the horizontal.
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b) Spiral powe.l' and .hefit d1ame'ter

11 kg ~ 0.' Z'pal

1 .lev, • tr
11 kg 1n 1.11 minutes

In the ideal cue the won done by the conveyer 1.
~.

the work required to ti.e 13.1 kg (i.e. 15 x 0.') of
"

cocoa beans per minute. 'ttarough a dist.ance of 145 em x

sin 45 0
• h~ major work haa .. be done 1n order to

overcome the resi8uance for the ideal case•

.1..
13.5 kg x 1.45 .. x /f

Horse Power

• 0.003

However. t.aking the tricUon int:o consideration u8U118d

that. the

Horse Power • 0.5

Torque on the conveyer shaft • 3'!?~.
• 4.". x 100

• .91.4

'felt." Torque • 500 kg CII\



• 500

-1... _

Assumed a shaf~ 81ze of 25 _ to account for weaken.tag

of the shaft due to ep1ral poove to aeeo~ate the

conveyer blades (1'19. J ... •• pl_. J).

e) SUpport of the drier

~nTllli1'iiieat# weight of the mo'tor un!t

was 125 kg, weight of the re4uUcm veu unit wu 111 kO

and the weight of the dryiag \UU.tva. 100 kg (1nclucUnCJ

90 kg of cocoa bean.)

Effect of ecc:enU'ie load

w..rect. load • !.ts on one colwna
J

Load due to resisUng moment, let. it be J'1.
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CONVEYER

I
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-w-

-

Shaft 25 q, --lI-....r

Spi ral 120~ _--'I

Worm wheel 80 p.c.d'-HJ·IIl\.\I. ~
======~'~:::::::=:=~O
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Dimensions in-mm Scale - 1 : 10
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Thus

'1~+ .1r~+ Flr~

C;:~>("lo4 + J:',,,B~~~'>(<i?t.)

Load due to dr1V'ing gears

• 121 x 82

160
&11-

3

Load due to drum and contents = 5~O

Total

Assumed tha't a C section shown i,n the figure supported 'the

set up.

T
I

1-6



e ra 0 1 " n.. 4
.~ r.~Y·'1: 1.4 x 0.1 x T + 0.5 x 6.' x T + 4- x 0.1 x 1

1.4 x 0.5 + 6.i x 0.1 + 4 x 0.1

:=: 0.886

:II 0.9

Moment of inertia = 1~ x 4 x 0.53 + 4 x 0.5

(3.03 - 0.25)2 + ~ x 0.5 x

6.63 + 6.6 x 0.5 x
2 1(3.8 - 3.03) + II x 1.4 x

0.53 + 1.4 x O.~t!·31-3.03)2

I: Momen.t. 05 iJlert:! a
Anta

:=: 7.085

= 56.4

'!'his might be treated as a long column
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1'r~at1i19 the BUpport as long colu.mn~ Renkain' 8 formu1a~

...f.c......A ......

(1) 2
1 + a -:

-.30 ~.3Dlcst.
LJ 1 ....L

+ 1S00

S~eel can safely take a compressive stress of more 'than

1000 kwam
2

Hence factor of safe1:y

d) Fixed tray

•. tQOO·v(; "13 'kg

= .f3 ~.91- Hence.tR: ~s SC1£~

The plate might be cona14ered as a circular plate

supported at the ends and subjected to a uniformly

distributed pressure over the entire arca.

For a circular plate uniformly loaded, the thickness

of the plate 't' with a diameter '£'I' supported at the

circumference and subjected to a uniformly distributed

pressure 'P' over the tot.al area,

t

=' Coefficient Which may be taken
as 0 ••2 for M.S.



A

p

2: 800 kg/em for M.S •

•4- (D
2

- 0 2
)

· i (49
2

- ,2)

• 18'78.6' ca2

• 0.11 em

For rigidity took, t. == 2 mm

(Fig. 6 and 7, Pla,- 6)

.) Scraper

Torque on the scraper spindle \vQS calculated from

the following facts.

As the scraper has to distribute the cocoa over ~e

plate, assumed

-= 0.5

As per the data available, for rotary type cocoa drie-

rs rpm of the driers should be below one rpm. Hence,

rpm of the drier was assumed u 0.9.
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Torque .. 1m x ~IOO ~ 1q,q
2x II XN

== 'rex-que shared by 5 scrapers

:. Torque of each scraper • 32781' 73p

= 7951.75 kg em

Length of each scraper .. 24.5 CRt

Assuming 2.5 per cent of this amount as a resistance

moment offered by the cocoa beans created bending moment

on the seraper,

Bending nx.:>ment on each
scraper

But

Bending moment

Where t

b

f

Assumed a. width of 2 em

t

• l~1 x 7957.75

= thickness in em

• width in em

= s'tress kg/em2

=~ x 7957.75100

...6~X~2.......5~X.......7...9",,!,S~"'~....7...5
100 x 4 x sao

• 0.S13 ..



1~ok tb~ckness t

(Fig. 8. Plate 7).

f) Coupling

= 1 em

50

The diameter of the ol,lb.. • 2.5 em
put shaf~ .

The hub diameter a 1.6 X "t.he diameter of the shaft

••• The hub diameter

= .. em

Let the thickness of the • ~ x D
flange

• ~ x 2.5

Let there be three pins arranged in ~e periphery of a

circle of diamet.er 1.9 D. Say 48 em

Let the pin diameter be a ~
The overall diameter of the flange would be

2.5 x diameter

Took! t aa

I:: 2.5 x 2.5

= 6.25

The coupling of the drier shaft would be similar in

dimensions but instead of the projecting pins, the flange

would carry holes to hOUse the p~ojeeting pins. The

oyerall length of each £1 ange including the hub could be

taken as

• 3.75 ca
(1'10. 9).
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q) C..ear drive

Assumed that h.p. 1:1 0.5

iaput speed III 1."0 rpm (moms: speed)

At the first .tage, this could be reduced with the

help of a worm to a sp~d ratio ot. 1 :40. l'he wheel shaft

at the first .ceductic'n wi1:h a spur gecu:, would drive

another counter shaft, that would .::arry another step, the

speed ratio again at 1140. Thus the output shaft speed

III 1/40 x 1/40 x 1440

'l'he two WOJ:In drives were identical. The layout 18

shown in Fig. 10 &. 11 and Plate e " 9. The worm and gear

design and the spur ~ear design are as follows.

1) Spur Gear

Let IDg' be the diameter of the gear and 'Dp I be the

diameter of the pinion.

Assumed the centre Cistance Q be 9 em approximately.

53

DQ + Dp
2

The gear ration,

P.si
Dp

D9

Dg

Dp

= 9 CIl

-= 1

== Dp

.. , QIl

D 9 em
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FIG-11 GEARBOX ASSEMBLY
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The speed of ro'tation of • 1fJ.2
gear. 40

• It rpa

56

Pi'tCh line veloci~y •V'

where

Pitch line veloc1'ty

• nDg x li9 mevas/minut.e

• ~ of 'the gear

• i x 0,09 x 36

• 10.18 _u••/minute

The 'tangential 10-', •f't· ;1:1 bP x 4500 x Cs
V

where 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

TangenUal load Ft

• 1.8

• hp x 4500 xl.,
10.1e

0,5 x .$00 x 1.8
• 10.18

Using the 'Lewis' equeUon

Where I''t

s

b

= Tangential load

• Allowable dinamic stre••

• .race width



y

p

•
(Jd.

Assumed, rfd.
ev

s

b

y

m

Where

z

y

• LeVis factor

• Circular pitch

.$4. CY.
• PeJ:1ll18.ible s'tatJ.e stress

• 0.31

• 1400 x 0.31

a 434 k9lcma2

= Face wi4th

• 10 module

= 10 IR

• 0.124 _ 0.684
•

a D/z

• Number of 'teeth

= 0.124 _ 0,68.
z

57

= 0.124 _ 0,684
D

ICl 0.124 _ 0,68f.
0,09

't = s,b,y.p.

xm

xm

391.94 = 43. x 10 m (0.124 - 0.684 x a) x m
0.09



• 0

58

put. •

put.

3 2• - 1.632. + 0.384

put. m

.3 _ 1.632 m2 + ,'.384

Module

Aaawned 6 module

m

z

Module m

Addendum

Didendum

'1'ooth thickness

Tooth space

Working depth

Whole d.epth

Clearance

pitch d1 ameter

. . • 0

• 0.4-

- 0.18688

• 0.6

• 0.01248

- 0.1

• - 0.07268

.. Be~..n 0.6 & 0.7

=: Dis.,
• 15 teeth

• 6 mm

-m -611II1

• 1.5708. • 9.42 ..

• 1.5708 m = 9.42 mm

= 2 m = 12 ..

= 2.25 m = 13.5 8m

- 0.25 m • 1.5 mm

= Z1'l - 15 x 6

- 90 IlIIl



OUtside diameter • (z + 2) ..

• 102 DID

59

• (15 + 2) 6

Root diameter c (z - 2.5 Ill) • (15 -2.5x.6)

• 12.5 II'Il

Fillet radius

11) Worm gear.

Mean diame'ter of W(\S'1ft,

dw

• 0.4 III

cO.875

• i.89

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

worm and gear in an

Assumed C

dw

:::: 8

• .I 0.875
1.89

• 3.26 CD

To find the circular pi'tch of the wheel 'p •e

3 Pc == dw

~
:::: 3.26

• Pe =¥ == 1.09 CII• •

Pitch circle diameter of the gear •dg I found out from

dw + dsI
2 • C

Where 'C' is the centre distance

e x 2

49

• 3.26 + dg

• 16 - 3.26 • 12.74 em



Veloci t."Y ratio

Number of teeth of gea

60

:= number of t.eeth on gee;r
number of 8'ta..r't8 on WOD

• Veloci ty raUo x IlWlber of
s'tart on worm

• 1iXdq
Number of 1:ee'th

(Velocity ratio ~alcen as 40)

Pi'tch of the gear
(Circular pitch)

at 40 x 1 at 40

•
,,--
/I x 12,74

40
at 1 em

Nodule m

m

at 1

---= I( m

= 0.32 em

a.!.
1/

•••

Choose a module of 3 DIll

C1rcular pitab Pc • IJ X m • 0.'4 CIIl

Axial pitah of the worm • Circular pitah of the gear

= 0.94 em

dw

= Ii x 4,
40

• Jb...9....4......x.......4...0
1i

= 12 em

.. C

• 11.97 CII\

= " C!Il

Face width of the wheel

b

(:rig. 12 to 16).

1:1 2.38 Pc + 0.65

• 2.38 x 0.94 + 0.65

at 2.38 x 0.94 + 0.65

• 2.8 C!IR



FIG-:12
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FIG- .13

I NPUT 5 HAFT (With Bearlng & Pulley)
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FIG-14 COU NTE R S HAF T NO: 1 (With Gears & ~arings fitted)
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Pit.eh line nlocit.y of the veer •

The design ~hould be checked from the stand point of

sueng'thf wear and hea:t di8aipaUon considerations

JlDR
60

• . 'l x 12 x 14f!!
foo x 60 x 40

• 0.226 metres/.econd

66

Veloci ty factor

Pora factor of the gear

Permissibl£ stress

(Aaswned static stress

Permissible stress (f)

• r J J3+.

III 0.93

0,684
• 0.124 - number of teeth

::a 0.12. _ 0,634
40

ll:I 0.107

• St.atic stress x velocity
factor

• 1400 kg/em2)

ll:I 1400 x 0.93

= 1302 kg/c:m2

According to 'Lewis' formula t.angential tooth load

\fuere

f

b

p

y

• face w1d1:h

== c::!rcu1ar pitch

• form factor



67

== f.b.p.y.

== 1302 x 2.8 x 0.94 x 0.107

• 366.67

Horse power x tren81l1tUtd

hence safe

366.67 x pitch line
• veloc;1;t¥ of the gear

75

• 366.61 x 0.226
75

Check far wear

Where

Assumed

F

w

w

F

.. dg x b x W

== Lim! ting load for wear

c A constant depending up on
the mat.erials of gear and
worm

I: 7

.. 12 x 2.8 x 7 = 235.2

Horse power due to wear

0.709 h.p. ~ 0.5 h.p.

hence safe

Check for heat dissipation

235.2 x 0.226
• - 75

0.709 h.p•

The permissible input power for heat dissipation 1s

given by
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Horse power

Where c

R

• Centre dinance in em and

• Speed reduction ratio

Horse power

The value being more than required the design is safe

h) Screw conveyer gear

Assumed velocity ratio

cen'tre distance

Mean diamet.9r of the \'1orm,
given by, dw

= 10

=: 5 em

Where c == Centre distance between
the axis of the worm on
in em,

Assumed c

dw

• 5 em
SO.875

.""":"~~
1.89

The cireulal" pitch of the wheel is such that,

3 Pc = d'tl

dw = 2.16
2.16 0.72 emPc -- -r ~

Pit.oh circle diameter of the gear dg found out. from

Where

dw + 4g
2

c
• C

= cent.re distance



dg

Velocity ratio

Number of teeth on gear

= 10 - 2.16 = 7.SI eM

a number of 'teeth on gev
nW!ber of s~arts on worm

= velocity ratio x number
of start.s on wonn

69

Number of start on worm, assumed to be 2 (double start)

Number of 'tee'th on gear

Pitch of the geer

1:1 10 x 2

1:1 20 (velocity ratio t.aken
as 10)

= ITx 5ls
number of teeih

III lIS 1.23 em

I-1odule,

m

Choose a module of 4 rom

Circul ar pitch Pc

= ?

m

1.23a:::-

1/

==ilxm

= 0.39 em

• 1.26 aD

Axial pi teh ot the worm :::: Circular pitch of the gear

:::

d
9



dw + <!SJ
2

dw + 4g

dw

dw

Pi t.eh diameter int.egral witil
shaf~ Dw

• c

=2c-c!g

= 10 - 8

I: 2.35 p + 1

70

Face length of wont

= 2.35 x 1.26 + 1

= (4.5 + 0.02 x Nw) p

• (4.5 + 0.02 x 20) 1.26

= 6 em

Depth of tooth h

li.ddendum 'a'

Out.side diametel:' of worm gear

= O.68G P

= 0.686 x 1.26

;:: 0.31~ p

• 0.31.8 x 1.26 lei 0.4 em

135 PDo ;:: D + 1.0o
= 8 + 1.0135 x 1.26

= 9.28 em

Normal pressure angle of worm • 1~.

gear

Face width in em, 'b' == 2.38 p + 0.65

::: 30 em

(Plate 10).
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The design should be checked from the stand point of

strength, wear and hea~ di.s,ipat.1on consideration,

Pitch line velocity of the gear .. "DN
60

• ,&X 8 x 120
10 x 60 x 10

• 0.302 me'tres/aecond

+ 0,302'3 3=3
3 + vVelocity factor

= 0.91

Form fal::tor of the gear 0.664= 0.124 -number of teeth

-= 0.124 _ 0,684
20

== 0.09

Permissible stress :I: St.atio stress x velocity
factor

Assumed static stress

Permissible stress (f)

2- 140C kg/em

= 1400 x 0.91 D 1274 kg/cm2

According t.c I Lew;! s • formula

Tangential tooth load F

Where b == Face width

P .. Circular pitch

y == Fon" factor

F - 121. x 3 x 0.09 x 1.26-
= 433.41



Hor~e power transmi toted

henee safe

Check tor wear

433.41 x pitch 11ne
• v.loc1'ty of the gear

'S
433,41 x 0.302

D 75

72

Limitin~f load for wea't If' is given by the formula,

F

w

I: d x b xw
9

= a constant depending upoa
the: materials of the vonn

AssUJEted, w

F

.. '1

= 8 x J x 7 • 168

Horse power due to wear

0.677 h.p. ;> 0.5 h.p.

hence safe

Check for heat dissipation

= 0.6'77 h.p.

The permissible input power for heat dissipation 1s

given by
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Horse power

Hore. power

hence safe

i) Heating coil

• centre distance in am

a speed reduction ratio

2 x: 'Il· 7
• io + 5 • 2.1 h.p.

Assum1ng the moisture content of freshly fermented

beans to be SS per cent and the recommended moisture content

for safe storage to be six per cent

Capac! t:i" c f thE:! drier • '0 kg

F.InOUnt of moisture to be removed, calculated by the following

formula

Where

m

m

Q1 (MW01 - MWb2)

= -(1-Mwb2'

= Aa'>untoof mot sture removed
in kg

• Initial moisture content

::I Capaci ty of the drier in kg

•••

90 (0,51 .. 0.062
• :1. ... O.06)

• 46.91 kg



Assuming the latent heat of vapour!sation of water

while drying to be 600 Kc:al/kg of wa~er the thermal

efficiency of the drier to be 50 per cent~ the heat:

energy required to dry 90 kg of beans from an in!tial

moisture content of 55 per cent to a final moisture

content of 6 per cen't

• 5629~ K.calories

74

•••

But 1360 K.calories

Electric energy required = ....5o!!"6~2~~_2
960'

= 65.45 KWH

Assuming tile total drying time required to be lS hours.

••• The heating coil capacity 65.45=--15

••• The heatir:.9 coil capac! t.y, taken as 4.5 Kii

The drier mainly consisted af a 8rying section,

89itator I screw conveyer~ a heater and a blower. The

drying unit having 50 em diameter was m€tde of 8 gauge M.S.

sheet and was cylinderical in shape (Fig. 17). This

cylinder was framed on a three legged C. channel stand of

size, 153 em height and 7.6 em width (Fig. 18 and 19).
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FIG-IS

MAlN SHAFT SUPPORT (TOP)



FIG-19

MAl N 5 H AFT 5 U P P 0 R T (BOTTOM)

Height of Bearing block-40

Dimensions in -mm
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Five perforated circular plat.es haVing 2 mm thickness were

placed horizontally inside the eyl1nde~ The plates were

placed in such 8 way that the distance between them were

equal. Above these Plates a scraper and a wiper were fixed

on a vertical shaft. (Iig. 20). 'l"he vertical shaft. was

rotated at 0.9 r.p.m. by a 1 h.p. motor through a reduction

gear box. This facilitated necessary mixing for the beans.

The pIe.tee were provided with radial slots of size

.. x 6 x 24.5 em. The fermented beans aft.er passing through

each plat.e for about 350· dropped to the next botton. plau.

through each alot, finally felling ::0 the chute provj.ded at.

the bottom which carried them to the bottom of the screw

c~nveyer against the heated air.

Below the bottormnost disc a chute "'las provided for

conveying the beu..'1s to the screw conv8yer. The screw

conveyer was made of 12.8 em diamete:!: U.S. tube 3Ild 145 em

leng~ fitted inclined to the dryi~~i unit at an angle of

45·. The .crew conveyer was haVing a spiral, with a 25 rom

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

ciried to the required moisture conte~.. t. 'l'ho '01o'lOer was

driven by a 0.5 h.p. electJ:'ic motor to supply necessary

air drau(lht.
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The heater in fron't of the blower, was having a

capaci ty of 4.5 KW U.S KW, 3 KW and 4.5 I{W). An air

duct was provided from the heater to the drying un! t

(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

motol. t.."lrough worm and gear reducticn. The worm rotated

at 720 rpm because of the belt drive. The reduction

from 720 to 72 rpm W2S achieved bywonn and gear unit

(Fig. 22).

3.2.6.1.3 Operation

The fennented beans were supplied to the top plate

after sWitching of the motor, blower and the heater. As

the mein shaft was rot.nted, the wiper spread t.he beans

evenly on the plate. At the same time the scraper swept

the beans and passed -Chern 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 c:1ute to tl:€ screw conveyer. T£l<::: conveyer conveyed

the materials again to the top platef th,e drier. The

operation was repeated.

80



.------------------------_._---_._----_...._------
F1G··21

BLOWER DUCT All Dlmensions m eM
Scale -1 : 10

I

~50. 0 --JI----~>J \ .""-.-52.~ -'------~ i

._--~94·0

I

I

I
/

I

/
/

-_.

sheet

a
C>
If)

1

20 Gauge

6 mrn dia bolt hole
2> r~os

.._---_.__ ..•._--_._-_ ..._---_ ......•. __.•--_. _.•.. _-_._.__._•... -



FIG-2Z

PI NION SHAFT OF seRE W CO NY EyeR

~50-+32~,a ~,-----------275

lS61s( Oou ble start worm

..JUt c;{ tOme71.stons ./'"1') ')7): n

)S'c.a..ffl. I: Z

63~

o OJ1
~ 100 ~i

I
00
N



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 outgoing heated air. The heat energy in

the heater was absorbed, 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.

The bea~s after fermentation were put on the top

plate after starting the motor blower, ana the heater.

The quanti ty of cocoa beans used was 90 kg. Air flow

was 0.4 m3/second and the inlet teml.=ter<:.ture was main

tained at 56°C. Inlet temperature, inter.mediate

temperatures and outlet temperature were recorded. The

humidity cf the heated air in different stages were noted

and tabulated. A ~';' h.p. variable ~:r{'.e<5. motor 'was used

on the prime mover of the blower. 'I'he q:uanti ty of air

varied with the help of the variable speed motor, by

running at different levels of speed (Plate 11).

During the first set of experiment 90 kg of

ferrr.::n tee. cocoa bearls '1a.5 loaded or ~..:r~e top of the drier.

Air flow rc,te \-Tas adjusted to 0.4 m3/second by adjusting

the speed of thE' motor. The temper::·tures at different

stages were noted.
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RESULTS AtU) DISCUSSIOII

During the conduct of this research 'Work the

following results were obtained.

4.1 Fermentation

The resul ts of the experiments conducted on

fermentation using mini box method are given in Table 1 •

A graph showing the tempeX'ature variations 1s given

in Fig. 23. '!he mean weight 108s during fermentation

was 30.~ 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 were 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 temperature

attained in the experiment was lower than that 91ven in

the published data~ which was around 50°C. This could be

due to the sma,ller 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 quali ty of the beans.
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'able 1. Tempera'tUre variations during fe~nta"t1on

87

'l'1me '1'eIIIperature ( Oc)

(hours) Box I BQxD hi III aoxIY average2 kg 'M 11 ki 16 kg

0 30.0 30.0 iO.O 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 36.0 35.25

48 35.0 35.0 36.0 36.0 35.5

56 39.0 39.0 31.0 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 3'.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 41.0

136 43.5 44.0 44.0 43.0 43.5

144 44.0 44.0 44.0 44.0 44.0
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Table 2. Mean weight loss during fermentation

89

Weight of Weight of Weight. 108sfermeaUK1wet beans beans
(lt9) (ltV) (%)

16 11.04 30 ••

11 7.10 30.0

5 3.50 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 91ven in Table 3 and are graphically

recorded in Fig. 24.

'!'he 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 datlll.....e.1lable on sun drying of cocoa beans.

Though the method of sun drying is cheap, it requires

constant attention. The duration of drying is dependent

on atmospheric weather conai tions. Final pl1 of the

sun dried beans was 5.2 which was ver'.1 close to the

pH range, 5.3 to 5.5 for good quality beans as per

international standards. Hence, the qu 11ty of the

beans Was considered satisfactory.

4.2.2 Bulb heated d1'rer

The results of drying cocoa beans \\'i th bulb heated

drier aae given in Table 4 and are graphically

represented in Fig. 25.

90



Table 3. Sun drying of feraented cocoa beans moisture
10.. ••• time, ':-_ .. .'"

91

W.1gh~ Weight C4I4tik'~Days Mo s~e pH
before at.,. loss
drying dIylng

(kg) (kg) (%)

1 30.00 22.80 24.00

2 23.00 11.00 43.33

3 17.30 16.20 46.00

4 16.20 15.45 48.50

5 15.45 15.09 49.10

6 15.09 14.79 50.10

7 14.79 14.64 51.20

8 14.64 ~4.64 51.20 5 •.10



Table 4. Drying of fermented. cocoa beans using
bulb heated drier, moisture loss ve.
time,~~,~.,-;

92

Time
(hours) Moisture content

0 54.0

3 45.0

6 38.0

9 32.0

12 25.0

15 21.0

18 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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FTomthe graph e,nd the table it can be observed tha~

the mcisture content of abo~t. 7.6 per cent was achieved

1n 38 hours of drying. The result revealed th;',t for

drying one kilogram of fermented beans4' approximately

0.76 K.W.H. of electricaJ. energy vIes necessary. Bulb

heated driers require less time for drylng cocoa beans

compared to sun drying. pH of the dried bet:ns was 5.00.

4.2.3 Modified bulb heated drier

The results of the experiments conducted on this

drier are 9iven in ':['able 5~ and they are graphically

represented in Fig. 25.

Thirty kilogr~, of fennented beans could be dried

to 7.6 per cent moisturE level in a perioo of 34 hours

in the mocified bulb he2ted drier (Table 5, Fig. 25).

For drying one kilogramc , of fermented beans in

this drier 0.566 K.~" .H. of electrical energy 1s required,

whereas the bulb heated drier required 0.76 K.\ .H. of

energy per kilogram of fermented beffi1s. Hence about

0.195 K.v~.H. of 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.

95



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

96

Time
(hours)

Moisture content
(%)

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 10.0

26 9.0

28 8.2

30 7.9

32 7.6

34 7.6



cost of drying was minimum

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 eneren. The radiant heat produced by the bulb

alone can be used for raising the temperature of the

air inside the drier. The advant.age 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 t..'1e bulb heated drier.

This modification also saves ener~~ by 25 per cent.

4.2.4 Modified C.P.C.R~I. roodel electric heated drier

The refn:.l ts of the eXperiment on drying fermented

beans using mcdified C.P.C.R.I. model are given in

Table 6. A graph showing moi::.ture loss vs time is

given in Fig. 26. ~~e 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

~

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 t.emperature of the

drying air is about eooc which is not suitable for cocoa

drying. In tL'1e modified dli1er, the dryin9 temperature

1s only 55°C which is suitable for cocoa c1J:y.1ng.
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Table 6. Moisture reduction table for the
modified C.P.C.R.I. model drier

Time 60 kg 50 kg 40 kg
(hours) moisture moisture moisture

conten1: content content
(%) (%) (%)

0 54.0 54.0 5••0

4 45.0 42.0 39.0

~ 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

S2 9.0 7.5

56 8.5

60 8.0

62 7.5

64 7.5
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2) The cost of fabrication of the modified drier is only

Rs.1,250/- which is lower than that of C.P.C.R.I. model

(Rs.l,SOO.OO) •

3) Inst.ead of aluminiwn 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.r. model cocoa drier with blower

The changes 1n moisture content of fermented beans

using modified C.F.C • i;" I • model cocoa drier vIi th electric

101

IOOtor ere 9iven in 'J.'able 7. A graph showing moisture

loss vs time is furnished in Fig. 27. 1be moisture

content of the dried bean Was about. 7.6 per cent which "'as

achieved in 42 hours. 'l'he result showed that for drying

one kg of fermented beans approximately 0.611 K.:j .H. of

electrical energy was necessary which was higher than

modified C.~.C.R.I. model. The pH of the dried beans

was 5.2 a.nd cosf: oj cI~~'3 L,\!)a.s ~G psl~·

4.2.6 Agitation type multistage drier

The capacity of the drier was 90 kg. The resu1 ts of

the experiment for dr"jing cocoa beans using this drier

wi th 90 kg of fermented cocoa beans at 47°C with an air

flow rate of 0.4 m3;secono are given in Table 8. The

graphical representatlon of the result Is also gi"en



Table 7. Moisture conten't VB time, table for the
modified C.P.C.R.I. model cocoa drier
with blower

Time Moisture content
(hours) (%)

0 54.0

3 .".0

6 31.5

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
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Table e . Test on .Agitation type multistage drier (In1t1a13Weigh't of cocoa beans 90 leg,
Initial air temperature 47·e, Air quantity 0.4 Dl /second)

Time Intennediate t:emperature Exit Inlet Intermediate air hwnidJ.ty Exit Moisture
(hours) (Oe) tempe- air air content

'1'1 '1'2 '1'3 '1'4 rature humi- H
1

H2 H3
H4 humi- (,,)(Oe) dity dity

0 54.4
1 39.0 37.0 36.0 34.0 32.5 40 44.0 51.5 56.5 63.0 69.0 4S.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

5 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

1 40.0 38.0 37.0 35.0 33.5 40 43.0 50.5 55.5 62.5 68.5 25.0

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 40.5 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 4S.5 54.0 61.0 67.5 7.6



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 the air and its temperature

at various stages that is at the inlet, intErmediate

positions and at the outlet are given in Table 8,. and

grc,.phically recorded in Fig. 29 and 30. The multistage

drier conserved heat by 45 per cent which otherwise would

have been wasted as in the other driers.

Also the results obtained for drying the beans at

three temr;er,,:,tures (56~C, 47°c and 42 C C) I at two air flow

rates (0.4 m3/second and 0.2 .3/second) and two

quantities (90 kg and 60 kg) were also found out and were

tabulated in Table 9.

The details of the result of the experiment are

given in 'liable 10 to 20 and are graphically recorded in

Fig. 28, 31, 32, 33, 34 and 35.

From the experiment conducted for drying, using

various quantities of bet,ns, with different temnerature

and air flow, it can be seen tha~ for drying 90 kg

of fermented cocoa beans, a temperature of 47"'C and an

air flow rate of 0.4 m3/second is ideal for this type of

drier as the energy consumeq;kg of bean is least 1n this

case (0.6865 K.W.H.).



, L.

ii,
• f

I ~"

l'

-0c
..... 0::_

-
i_.,

.,r. -1' 0/0<:._+., .........

J.
1 1k

Ft6T·No2.8

l
I

,..



GtRA.PH No. 10

461TJlTiOM T!:JPC t'vfULnSrA6E. DQI5k? ,90 I<es 47 cC, 0-4 YYl 3/
sccTE;MP5QATUI<E. VAI2IATIOI\J IN DlvVEk?SNT P'L.Ll.Tf5Sr-·-----·· -------.-.

i

106

IT• • •
• 4l m . ;: » • : ;T2

.. -.. .. :l" •• : •• • ---:~•
• .•

• To-
•

• • •
•

• • •• ••

J. -- 1 , -- ...~ L __ L. ' ..L_._ -L....- ..-L--.....__L_------.l .. _

4- 5 "" "7 8 9 '10 11 12 73 14 75T/Mc' /tV #CJOR.s ~



107

J

-j1
,// I

1

I
I
I

I
I
I
I
I
I
I
I
I

----1. __
60

SOL/i) (JU1lE?,
AIR /Il/LET

1="IG.ND·30

"

i
I
1

I
__ _--.-L .

10o
SOLILJ OCJTt£7
AIR /AlLET

10

20

40

GRAPH Nc. 1/

!lOM/OITt! lJ/?O/-/j;' /,(/46ITATIOAJ Tf/PE ;rltlLTI.9U1GE/JlX/o;C /JO,{1,4/
60 r, ,\ r I

A7i"vl{\',;th:~'A.i(. /I//">l/()jN I

I 1
I I
I 1
I I

I I I
I I I

70 - - - - - - - -4 .- -- - - - - - -I- - .-. - - - - -'. - - - - -. -- .- - -. L-- - -'. -
I I I I
I I I I
I I I
I I I

I
I I I
I I I
I I I ///

: I //Y
I I /// Iy/ I

,/ i :
I I
I I
I I
I I
I I
I I
I I
I
I
I
I
I
1

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I I
I
I I

I
I I I

.1 .L --1. __. ._
20 30 40

.D/ST4NCti l"-:eOM ,.1//2 /NU=T-+ 11'/ em

60r
!

I



Table 9. Agitation type multistage drier

108

51. Quantity Temper- Air flow Time Energy pH
No. of beans ature

m3/5ec.
taken consumption

(kg) (Oe) (hours) K.vI.H.--
1 90 56 0.4 13 0.81163 5.1

2 90 4'7 0.4 15 0.6865 5.3

3 90 42 0.4 24 0.6984 5.3

" 60 56 0.4 11 0.99843 5.1

5 60 47 0.4- 13 0.85496 5.2

6 60 42 0.4 17 0.69303 5.3

7 90 56 0.2 14 0.84715 5.2

8 90 47 0.2 16 0.70151 5.3

9 90 42 0.2 26 0.70662 5.4

10 60 56 0.2 12 i.l0892 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 Aqitation type multJ.stage tlrier (In!tial 3weight of cocoa beans 90 kg;
Initial air temperature 56°C, A1r quantit;y 0.4 1ft la.cond)

Time Intermediate temperature Exit Inlet Inte~diate air humidi ty Exit. Moisture
(hours) (ee) tempe- air air conten1:

'1'1 T2 '1'] 1f4
rature humi- H1 H2 H3

H4
humi- (%)(Oe) dity dity

0 54."

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 40.0 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

6 46.5 44.5 43.0 41.5 40.5 38 40.5 43.5 50.5 61.0 64.0 22.0

'1 4'1.0 45.0 43.0 41.5 40.5 38 40.5 43.5 50.5 61.0 64.0 19.2

8 4'1.0 45.0 43.0 42.0 40.5 38 40.0 43.5 50.5 60.0 64.0 14."

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 50.0 60.0 63.5 8.0

12 47.5 45.5 43.5 42.5 41.0 38. 40.0 42.5 49.5 60.0 63.0 7.6

13 47.5 45.5 43.5 42.5 41.0 38 39.5 42.5 49.5 59.0 63.0 7.6

.. ~



Table 11. Test on Agitation type multistage drier (Initia13weight of cocoa beans 90 kCi;J1
Ini tial air temperature 42°C, Air quan"tity 0.4 m /second)

Time
(hours)

Intermediate temperature
(OC)

Exit
tempe
rature

(OC)

Inlet Intermediate air hurnidi ty
air
humi-
dity H1 H2 H3 H4

Exit
air
humi
dity

Mosi)ure
content

o
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

39.5

39.5

39.5

39.5

39.5

39.5

39.5

39.5

39.5

4-0.0

40.0

40.0

40.0

40.0

40.0

40.5

40.5

38.0

38.0

38.0

38.0

38.0

36.0

38.0

38.0

38.0

38.0

38.0

38.0

38.0

38.5

38.5

38.5

38.5

36.0

36.0

36.0

36.0

36.0

36.0

36.0

36.0

36.0

36.0

36.0

36~0

36.0

36.5

36.5

36.5

36.5

34.5

34.5

34.5

34.5

34.5

34.5

34.5

34.5

34.~

34.5

35.0

35.0

35.0

35.0

35.0

35.0

35.0

31.5

31.5

31.5

31.5

31.5

32.0

32.0

32.0

32.0

32.5

32.5

32.5

32.5

32.5

32.5

33.0

33.0

41 51.0

41 51.0

41 51.0

41 51.0

41 50.5

41 50.5

41 50.5

41 50.5

41 50.0

61 50.0

41 50.0

41 50.0

41 50.0

41. 50.0

41 49.5

41 49.5

41 49.5

57.0

57.0

57.0

57.0

57.0

56.5

56.5

56.5

56.0

56.0

56.0

56.0

56.0

56.0

56.0

56.0

56.0

63.0

63.0

63.0

63.0

62.5

62.5

62.5

62.5

62.5

62.0

62.0

62.0

62.0

61.5

61.5

61.5

61.5

57.0

67.0

67.0

67.0

66.5

66.5

66.5

66.5

66.0

66.0

66.0

66.0

66.0

65.5

65.5

65.5

65.5

70.0

70.0

70.0

70.0

70.0

69.5

69.5

69.5

69.5

69.5

69.5

69.0

69.0

69.0

69.0

69.0

69.0

54.4

51.0

47.6

44.4

41.4

39.0

36.0

34.0

31.0

28.4
26.0

24.0

21.0

18.6

16.2

14.6

12.8

11.2



Table 11. (Contd.)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit l!'AOisture
(hours) (OC) tempe- air air content

T1 T2 1'] 1'4
rature humi-

1\ H2 H3 H
4

humi- (%)( °C) dity dity_.
18 40.5 38.5 36.5 35.0 33.0 41 49.5 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 61.0 65.5 68.5 9.0

20 40.5 38.5 37.0 35.0 33.0 41 49.5 55.5 61.0 65.0 68.5 8.4

21 40.5 38.5 :n.o 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 68.0 7.8

23 40.5 38.5 37.0 35.0 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



Tele 12. 1'8S1: on Agi1:a'tion type multistage drier (Ini tia13weight of cocoa beans 60 kg,
Initial air temperature 56°C' Air quanti1:y 0.4 m /second)

--",_.¥.- '

Time Intermediate temperature Exit Inlet Interriledi t:lte air humidi ty Exit Moisture
(hours) (OC) teJ-upe- air air content_...._-,.. -

T1 T2 1'3 1'4
rature humi-

H~ H2 1t3
~{

humi- (%)( °e) d.Lty ~
i" 4 dity_._--

0 44.0 42.0 40.0 38.0 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 56.0 59.0 44.0

2 44.0 42.0 40.0 36.0 35;.;,5 38 41.0 46.0 52.0 56.0 59.0 37.8

3 44.0 42.0 40.5 36.0 35.5 38 41.0 46.0 52.0 5.5.5 59.0 32.0

4 44.5 42.0 40.5 38.0 36.0 38 40.5 46.0 51'.5 55.5 58.5 26.0

5 44.5 42.0 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

a 44.5 43.0 41.5 39.5 37.(J 38 40.5 45.5 51.0 55.0 68.0 10.4

9 45.0 43.0 41.5 39.5 37.5 38 40 .. 0 45.0 51.0 54.5 58.0 8.4

10 45.0 43.5 42.0 40.0 37.5 38 40.0 45.0 50.5 54.5 58.0 8.0

11 45.0 43.5 42.0 40.0 38.0 38 40.0 45.0 50.5 54.5 58.0 7.6

-------,-

..........
rv



Table 13. '.l'es1: on Agi1:at.ion type multistage drier (Initial3weight of cocoa beans 60 kg;
Init.ial air temperature 47°C, Ail. quantity 0.4 m /second)

Time Intermediate tempera'ture Exit. Inlet. Intermediate air humid! ty Exit Moisture
(hours) (OC) tempe- air cdr content

'1'1 '1'2 '1'3 '1'4
rature hwni- H1 H

2
H3 H4

humi- (%)(OC) dity dity

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

........
w



Table 14. Test on Agitation type multistage drier (Initia1
3
weight of cocoa beans 60 kg:

Initial air temperature 42°C; Air quantity rJ.4 m /second)

Time
(hours)

Intermediate temperi.iture
(OC)

Exit
t€::mpe
rC:'.ture

( °C)

Inlet Intermediate air humidity
air
hurtd.- H
dity 1

Exit
air
humi
d.ity

~isture

content

------_._------------
o
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

38.0

38.0

38.0

38.5

38.5

38.5

39.0

39.0

39.0

39.0

39.0

39.5

39.5

40.0

40.0

40.0

37.0

37.0

37.0

37.0

37.5

37.5

37.5

38.0

38.0

38.0

38.0

38.0

38.5

38.5

38.5

38.5

38.5

35.0

35.0

35.0

35.0

35.5

35.5

35.5

35.5

36.0

36.0

36.0

36.0

36.5

36.5

36.5

36.5

36.5

33.0

33.0

33.0

33.0

33.0

33.5

33.5

33.5

33.5

33.5

33.5

34.0

34.0

34.0

34.0

34.0

34.0

31.5

31.5

31.5

31.5

31.5

31.5

32.0

32.0

32.0

32.0

32.0

32.0

32.5

32.5

32.5

32.4

32.4

41

41

41

41

41

41

41

41

41

41

41

41

41

41

41

41

41

47.0

47.0

47.0

47.0

47.0

47.0

46.5

46.5

46.5

46.5

46.5

46.5

46.5

46.5

46.0

46.0

46.0

52.0

52.0

52.0

52.0

51.5

51.5

51.5

51.5

51.5

51.5

51.5

51.5

51.0

51.0

51.0

51.0

59.0

59.0

59.0

59.0

58.5

58.5

58.5

58.5

58.5

58.0

58.0

58.0

58.0

57.5

57.5

57.5

57.5

61.0

61.0

61.0

61.0

60.5

60.5

60.5

60.5

60.0

60.0

60.0

59.5

59.5

59.0

59.0

59.0

59.0

72.0

72.0

72.0

72.0

71.5

71.5

71.5

71.0

71.0

71.0

70.5

70.5

70.5

70.C

70.0

70.0

70.0

54.0

50.0

46.0

42.0

38.0

34.6

31.0

28.0

25.0

22.0

20.0

17.0

14.8

12.0

10.0

8.6

7.6

7.6



Table 15. 1'e8t on Agitation type multistage drier (Init1al
3
weight of cocoa beans 90 kg;

Initial air temperature 56°CI Air quantity ).2 rn /second)

Time Intermediate temperature Exit Inlet Intermediate air humidlty Exit Moisture
(hours) (OC) ternpe- air air content

T1 T2 T3 T4
rature hwni- H1 H2 H H. hurni- (%)

(OC) dity 3 dity

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 10.0 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 59.5 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 9."
12 48.0 45.0 40.5 37.0 34.0 36 47.0 54.0 59.0 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

..........
~,



Table 16. Tes~ on Agitation type multistage drier (Initial
3
weight of cocoa beans 90 kg1

Initial air temperature 47°C; Air quanti'ty 0.2 m /second)

Time Intermediate temperature Exit Inlet Intermedi ate air humidity Exit Moisture
(hours) (OC) tempe- air air content.

T1 T2 '1'3 '1'4
rature humi- H

1
H2 H

3
H

4
hwni- (%)( (Ie) dity dity

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 33.6 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 49.0 53.5 58.5 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 35.0 34.0 39 48.5 53.5 58.5 63.5 68.5 22.4

7 42.5 41.0 38.0 35.5 34.0 39 48.5 53.5 58.0 63.5 68.5 19.4

8 42.5 41.0 38 .. 0 35.5 34.0 39 48.5 53.5 58.e 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.~· 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 37.0 34.5 39 38.0 52.5 57.5 62.5 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 52.5 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 67.3 7.6

16 45.0 42.5 40.5 37.5 35.0 39 47.5 52.0 56.5 62.5 67.6 7.6

.-.-
r:::n



Table 17. Test on Aqitation type multistage drier (Initia13weight of cocoa beans 90 kg1
Initial air temperature 42°C, Air quant:l:t.y 0.2 m /second)

Time Intermediate temperAture Exit Inlet Interrnedi"lte air humidity Exit Moisture
(hours) (OC) tempe- air air content

'1'1 '1'2 T3 '1'4 rature humi- H
1 H2 H3

H
4 hurni- (,,)(OC) dity dity

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 51.4
2 39.5 38.0 36.0 34.5 32.0 40 53.0 59.0 63.0 67.0 72.0 48.0
3 39.5 38.0 36.0 34.0 32.0 40 53.0 59.0 63.0 67.0 72.0 45.0'
4 39.5 38.0 36.0 34.5 32.0 40 52.5. 58.5 62.5 67.0 72.0 42.5
5 39.5 38.5 36.5 34.5 32.0 40 52.5 58.5 62.5 66.5 71.5 40.0
6 39.5 38.5 36.5' 34.5 32.0 40 52.5 58.5 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 40.0 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 34.6 32.5 40 52.0 58.5 62.5 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 62.6 65.5 71.0 25.6
13 40.0 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 57.5 62.0 65.0 71.0 17.2
16 40.0 39.0 37.5 35.0 33.0 40 51.5 57.5 62.0 65.0 71.0 15.8
17 40.5 39.0 37.5 35.5 33.0 40 51.5 57.5 62.0 65.0 71.0 14.0
18 40.5 39.0 37.5 35.5 33.5 40 51.5 57.5 61.5 64.5 71.0 13.0
19 40.5 39.0 37.5 35.5 33.5 40 51.5 57.5 61.5 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
21 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 36.0 34.5 40 50.5 57.0 61.0 64.0 69.5 7.6



Table 18. Test on Agitation type multistage drier (Initial
3
weight of cocoa beans 60 kg;

Initial air temperature 56°C; Air quantit¥ ').2 m /second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (OC) ternpe- air air content

T1 T2 T3
T4

rature humi- H1 H2 H3 H4
humi- (%)(OC) dity di'ty

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 36 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 6400 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.e

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

..........
00



Table 19. Test on Agitation type multistage drier (1mtia13weight of cocoa beans 60 kg;
I:-li tial air temperature 47°C; Air quantity 0.2 m /second)

Time Intermediate ternperature .t:;xit Inlet Intermediate air humidi ty Exit 110isture
(hours) (OC) tempe- air air content

'1'1 T2 '1'3 '1'4
ratnre humi- humi- (%)(Oe) dity H1 H2 H3 H4 dity

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 19.0 64.0 69.0 34.6

4 42.0 39.5 37.5 36.5 35.0 39 44.5 56.5 58.5 64.0 68.5 29.4

5 42.0 39.5 38.0 36.5 35.0 39 44.5 56.5 58.5 63.5 68.5 25.0

6 42.0 39.5 38.0 37.0 35.5 39 44.5 56.5 58.5 63.5 68.5 21.2

7 42.0 39.5 38.5 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 68.5 15.4

9 42.5 40iJO 39.0 37.5 35.5 39 44.0 56.0 58.0 63.0 68.0 13.0

10 42.5 40.5 39.0 37.5 36.0 39 43.5 56.0 58.0 63.0 68.0 11.0

11 42.5 40.5 39.0 38.0 36.0 39 43.5 56.0 57.5 62.5 68.0 9.4

12 42.5 40.5 39.5 38.0 36.0 39 43.0 56.0 57.5 62.5 67.5 8.0

13 43.0 41.0 39.5 38.0 36.0 39 43.0 55.5 57.5 62.5 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



Table 20. Test on Agitation type multistage drier (Initial
3
weight of cocoa beans 60 kg;

Initial air temperature 42°C; Air quantity 0.2 m /second)

Time Intermediate temperature Exit Inlet Intermediate air humidity Exit Moisture
(hours) (OC) tempe- air air content

T1 T2 T3
T4

rature hwnl- H1 H
2

H
3

H
4

hum..1.- (%)1°c) dity dity

0 54.4

1 38.5 37.0 35.0 33.5 32.0 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 33.5 32.0 40 48.0 54.0 63.0 67.0 69.0 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 68.0 23.2

9 39.5 38.0 36.0 34.5 33.0 40 47.0 53.5 62.0 65.5 67.5 20.4

10 39.5 38.5 36.5 35.~ 33.0 40 47.0 53.5 62.0 65.5 67.5 18.4

11 39.5 38.5 36.5 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 66.5 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 39.0 37.5 35.5 33.5 40 46.0 52.5 60.5 64.5 66.0 8.2

18 40.5 39.0 37.5 35.5 33.6 40 45.5 52.5 60.5 64.5 66".0 7.6

19 40.5 39.0 37.0 35.8 33.5 40 45.5 52.0 60.5 64.5 65.5 7.6
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Electric energy for hsater

Blower motor (0.5 HP)

Prime mover of reduction)
)

gear box (1 h.p. motor) )

Total energy required for)
)

one hour of operation )

Total energy required for)
)

15 hours of operation )

For drying 1 kg of )
)

fermented cocoa beans, )
)

electrical energy required)

= 3 K.W.H.

:= 0.746 K.W.H.

;:; 4.119 K.W.H.

= 4.119 x 15

• 61.785 K.v·l.H.

• 61.785
90 .

12~

The'moisture content of the dried beans was about

7.6 per cen't.

The pH of the dried beans "las 5.1 to 5.4, hence the

quali ty of tile beCillS \vas better than other types of

driers tested. J>..f; the beans were moving in the drier

better unifonntty in drying was achieved and they were

not exposed to high tern.t,erature continuously Which

helped in mc.intaird.ng the quality c:bf the beans. The

drying time was reduced considerably. Energy consumption

was less ana cost of drying was only 50 per cent compared

to other driers (Fig. 36). Due to stage by stage drying, the

loss of heat im reduced and hence the thermal efficiency

is high. (7Jlo)
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The cost calculated for drying in the various 1.:ypes

of driers are append~ (AppendiX-II) and illustrated in

Fig. 36. From the results the cost of drying 1 kg of

fermented bean 1n different 1:ypes of driers tested are

given in Table 21.

From the data furnished 1n Table 21, it-can be

observed that the cost of drying 1 kilogram of fermented

becns was least in Agitation type Multistage 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

C.P.C.R.I. model with blower, the cost of drying 1 kg

of fermented bean was as high as Re.O.56. Considering the

quali ty of thf:;: dried beans 1n terms of moisture content and

pH, the agitation type multistage drier with a capacity

of 2000 kg is founa to be the most effectiv€ and economic.
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Table 21. Cost of drying one kilogram of permented
beans in different types of driers

128

Name of drier Cost of drying
per kg. (Re)

.. Bulb heated drier 0.50~

Modified bulb heated drier 0 ••7
with 500 watts electric coil

3 C.P.C.R.I. model 0.53

r?.odified C.P.C.R.I. IOC>del 0.36

5 Modified C.P.C.R.I. model 0.56
vii th blower

• Agitation type multistage 0.45
drier capacity 90 kg

1 Agitation type multistage 0.22
or! er capacity 2000 kg
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Cocoa 1. on. of the important. be'n.rae. cropa

grow 1n 1terala~ It i. audnly 9%'Owa .. a mix_ cnp

1n coconu't and ueeanut luden... Ibe present area

UD4er cult1.Ya1:.1ol1 of cocoa 111 ICerd. 1. e.t1IR8t.ecl

to be 25.000 heo1:al'e1l and i:he aIUlual production 1.

about 4000 co••••

COcoa beans deteriorate rapidly 11'1 qual1ty afur

r~yal 'rca the pods. Proper preliminary proceas1nfJ,

n.el1" feraen'ta'Uon and drying of fra8h beans, ls

•••enUal to cievelop and ret.a1n the charac'terisUc

chocolau -.au and fl.'VOur. '!'hough luve Hale

plant.1ng of the crop was 'taken up .1n t.his country

during the .naUe. no ••riows a'tt.eDtion w.. patd

tc i t8 pl"f'>ee8ein? aspecof:.

'the c:oc:oa farmers of Kerala sell their cocoa poda

to the nearest. cocoa eolleoting C<intr•• or socieU.a.

The preliminary proce••iAg of fermellita'tion aJ'ld dryiDg

are 40De at. the eollect1on cent.res and subsequently

theee dried be3l18 ere sent to the ••condary pz:oce••ing

centres or factori•••

l'erraen'tat.1on lnvolvea keeping a .... of cocoa

beana well inaula'ted SO that. 'the h••t. genera'tecl during
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~e ferment.ation 1s re~a1ned s:t the optiRl\Ull level. During

thi. process air 1s alloweG:'tO P". through. the mass.

'l'he pZ'OQ.ss lu'ts up, to seven days and 18 followed

1mmedia1:ely by drying.

Drying constitutes the second part of curing. The

objecU? of drying 1s to dehydrate the beens sUfficiently,

to ensure tha't 'they will not~fy or cleyelop UIlple.sant

odour during the period of storage.. A~ 'the en4 of

fermentation the mo1sture content of beans is about 55

per cent and t.1'u.$ 111USt be reduced to 7 to e per cent for

safe _toxage. The rate of drying varies ~atly according

to the me~ employed. If drying is too slow there is a

po.sibil!toy that. moulds may develop on the outer .ide and

may even penet..rate the shell. Ifhere is • further d8l1ger

that tmpleuant flavours may also develop by slow drying.

w'here climate is favourable , drying 1s dene in the sun.

For aaU.factory drying and for laJ:'ge quantities of

cocoa beens to be driE::d sun dryin9 cennot be adopted

under unfavourable weather conditiona.. The problem 1_

especially severe in regions wi th heavy raJ.n during the

harve.t period. In Kerala the rainy season concides with

peak harvest and mut') sun ".ryinq diffieul1:. '1'0 overcome

this, artificirll methods of drying becomes necessary.

Most of the existing driers utili.e f.1..rewood 01' 011
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as heating source for air heaUng. fte main drawbacks

of 'these drier. are the high coat. of firewood and fuel

011 .. well .. inadequacy 1n their ayaileb1111:y • Sun

dlying is tme .,.1: popular method followed in Kerala.

though the peak harvest. period coincides wi th the rainy

season. This renl'ts in 1mproper drying and deterio

ratioD in the quali t.y of the cocoa product to a great.

extent. Artificial driers are not. readily available in

the market. At:tem.pts were made 1n K.A.U. and C.P.C.R.I.,

for developing suitable driers for co.::oa. lGaA.U.

deve:loped a bulb heat.ed drier. which has a capacity

of 30 kg/].oading. 'l"he C.o.C.R.l. developed an elecl:.rlc

coil heated drier '"11 th 2. cfll)aci ty cf 50 k9l1oaw.ng.

Both these driers are suiteble only for small scale

proceosing.

It was decided to test the exist.ing driers. lot

was also decided to modify tl:1e existing m:>tial to improve

thei.£' efficiencies. The quality of the beans dried in

the S11ft and different rnoC:cls ~Aj'are teste~. The

details are 9iven below.

'l'be CO("~a beans after fexmen'tation wu dried in

the sun. The process of drying continued upto seven

days. before the desired dryness va" ob1:ained. pH of

the dried bean was 1.2.
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The ra'te of drying affec'ts the pH of the dried beans.

OU1clc drying decr..... the pH of the bean_ or in other

words lncr..... 'the aei41ty of the beans. According to

international sumdards pH varie. frena 5.3 1:0 5.6. The

above value of pH (5.2) is close to it. Hence the

qual! ty of the bean was .atisfactory.

A bulb he.ua. drier developed earlier in K.A.U. was

t.ested. The capacity of the d.tier was 30 kg of fermented

beans. The bean eould be dried to the desired moisture

content in J8 hours. The moisture conter1t:.8 of the

dried beans '"183 about eight per cent. From the result.s

it Was aeen that for drying one kg of iermenwd beans

approxill8:tely 0.760 K.W.H. o' electrical .ergy w••

required. pH of the dried beens was 5 .. 00. 'l'he bulb

h••t.ed drier fitteO with a 500 watt.s electric coil heater

wu also tested. Beans could be dried to the de.J.red

moisture content in 34 hours. Uoisture content of ~e

dried ~)eans was about ei;Jht per cent. Approximtrtely

0.510 K.W.H. of electricC'l~ energy was required for

~inq, \')ne kg of farmentad beans •. pH of the dried

bea.'ls was 5.00. The C03t. of drying per leg of fenoen'te4

beane was Re.O ••'.

A modified C.P.C.R.1. model cocoa drier wu

fabricat.ed and teatted. '!'he capac! ty of the drier va
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60 kg of tu-mented beans. Beans could be dried to the

requ1red moisture content in 64 hous. Pinal moisture

content of the dried beans was about eight. per cent..

The result revealed that approx.1mately 0.530 K.W.H. of

electrical energy was requ.1red for drying one kg of

cocoa. Cost of drying per kg of fermented cocoa beans

was Re. 0.36. Qual! 'ty of the dried beans waa satis

factory, bt!cause pH was 5.10.

The modifie6 C.P.C.R.I. model fitted with a 0.5 h.p.

electric RK>i:or and blower was also tested. Beans could

be dried to the desired moisture content in .&2 hours.

Energy requ.1rect for drying one kg of fermen1:&d beans was

~proximat.ely 0.610 K.W.H. and the cos~ of drying per kg

of fermented beans was Re. 0.55. pH 0:1: the dried beans

was 5.2.

T"ne pr.iJnary &im of this project was 'to develop a

lew cos~ medium size drier for drying of cocoa without

impuring 11:8 qual! ty • Wi th this in view en agi taUon

type electr1cally heated multistage drier of 90 kg

capac! ty wu designed, fabricated, tested and its

economics worked out. Prime mover of the blowe1.~ was

0.5 h.p. variable speed. D>'tor. Rate of air flow wall

varied with the help of ttJ.e var:l.abll"· speed motor coupled

to the blower. In this drier usts were carried out
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wi th tllO quantities of cocoa (90 kg and 60 kg) two

different rates of air flow (0.4 .3/second. 0.2 .3/

second) sed theee different temperatures (S6°C. .,v c

and 42°C). Air tempere.ture and humic5.i ty at various

sections of the drier were noted. Also the weight

10819 of the bean at. hourly interval was a.ssessed using

an infrared moisture meter. The pH of thE: dried beana

was t ••t.eC'. by using a digit.al pH meter. Prom the

experiment conducted, using variou!S quantities of

beans, with differ~nt temperature ~~e air flow. it. Va8

found that for d..-ying 90 kg of <.:ocoa bE-ans, a.

temperature of 47·C and <-n air flow r.zt.e of 0.4 m.3j

second t'/ere ide21 fer this type of drier. The energy

oon~umad fer drying '~as approximately 0.69 K.W.H.

per kg of beMs. The pH of the dried beans \lias 5.3

Which was Within safe limit. Cost of drying was Re.0.4S.

ResuJ. ts of the abov~ experiment~ revealed tha't

uni ~"rmlt ..y in d.r:tlng of cocoa beans could be achieved

uch1ev~d ''lith the agitation type multistage drier.

One of the objectivcD of this 1JJ,;ojec'C was to

evolve suitable design of equipment for drying large

qwmtit.ies of cocoa beans. With th:fs in view an

agitation type multistage drier of 2000 XV capacity

was designed. From the cost. analya1s 1.t. was found t.liat
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the cost of drying one kg of beans wa. only Re. 0.22.

Ifhe cost of ~-rier was about Rs.23,OOO/-.

The adYan~age of agitation~ mult.1sUiVe drier

are as follows.

a) Due to the 8~aqe by stage drying the los~ of hea~

is reduced and hence the thermal efficiency is high

b) Cost cf drying Was only 50 per cent of the other

type of driers

c) Energy con-sur.iption wa& less c0n11)a.red to other type

of driers

d) Drying time was reduced considerably

f) As the beans wel;'e moving in 1:he drier they were not

e..X1.c:>osed .;;..} high tem.v(:rai:.ul:e# ccn::.inuously~ which

!lelped in maintaining the quali t:t· of the beans.
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Append:l.x-I Agi ta1Uon type Mul tistage drier of
capacity 2000 kg - Design

a) Screw conveyer

'I'he conveyer discharge capacity is 50 kg for one

revolution of the scraper (Assume). As per the dat.a

available for rotary type cocoa. driers rpm of the

drier is beloH one %))m. 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.i minutes

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

study has a volume of 1 m3 •

•• • Volume of 45.45 kg t= 45,45
700

= 0.0649285 m3/minute

i.e. 6492.285 cm3/minute

Giving space for two cocoa beans# take

pi t.ch of the screw

Preliminary studies on the conveyer speed revealed

that a speed bet\'lfeen 70 to 75 rpm is optimum. Hence

assume the screw rotates at 72 rpm.



In a minute the axial displacement == 3.6 x 72 em

= 259.2 em

1~1

Minimum dia.'l1eter required may be calculated using the

equation

Diameter

• 6492.85

6492.85 x
71 x 259.2

:: 17.85 alB

For the space occupied by the ~indle conveyer blade etc,

given an allowance of 25 per cent on diameter.

Hence the diameter of the spiral

'I'ake 'De

=- 1.25 x 17.85

= 22.32 em

== 24 em

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 0 and should have a length

of 4 to 4.5 metres. Hence for comparability assume

120 turns of the screw •

•• • Axial length = 120 x 3.6

a: 432 em

Since the conveyer ca1'1 have a maximum inclination of 45° in

similar cases, the conveyer screw is set at an angle of

45° tv the horizontal.



b) Spiral power and shaft

joIn

In tt.'e ideal case the work done by the conveyer 1s

142

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

through a distance of 432 em x sin 45 0
• But major work

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

the ideal case work done

= 45.45 x 4.32 x !
.f2

•••

= 138.84 kg,m/minute

= _1~38:-:.:-:8:-:.4
4500

== 0.0309

However, taking the friction into consideration

assumE: that

- 0.5

Torque on the conveyer shaft =: "!lI:0~._5__x__4_5-=O~O
2 x 11 x 72

=: 4.97

= 2.99 x 100

== 497 kg em

497 kg em



1~3

lTd3
x 350 49716- e

/16 x 49~
1/3

d III

'- IT x 3$0

= 1.934 em

Asswne a shaft size of 25 rom to aecount for weakening of

the shaft due to spiral groove to accommodate the conveyer

blades.

c) Support of the drier

From actuol measurement weight of the motor uni twas

125 kg, 'deight of the reduction geat un! twas 1.55 kg and

the vleight of the drying un!t, 3000 ;<9 (including 2000 kg

of cocoa beans) •

Effect of eccentric load

Load due to resisb.ng momen-::,

125
== ,-

let it be l!'lo

on one column

Thus

:. F1

Lo ad due to driving geeIs

Load due to drum and contents

Total

~ ....
= l.!-Q.4 +Gii~~

s:: :h-<?~6.7 kg

= l~O == 53.3

3000- = 1000 kg- -,-
= 1;5 + I/p'£'7+ 1000 fS.3.,3

= 1186..6' kg



Assume that 'e' section supported the set up. Treating

the support as long column

2

1 +

..
a fti;..:,A.

1
1 + a K

f e x 6
;;: -----=:...-----"'r

..L (,:300~ "2
7500 (2.54)

pRankaln's formula

Steel can safely take a compressive st:ress of more than

1000 kg/cm
2

•

Hence, factor of safety L: 1.85" .pe:nce

This is S~

d) Fixed tray

The plate maJi be considered as a circular pla't.e

supported at the ends and subjected to a uniformly d1s~-

buted pressure over the entire area.

Circular :nlate uniformly loaded, the thickness of the

plate with a diameter, 'D', supported at the circumference

an0. subjected to a unlformly distributed pressure 'p' over

total area, is qiven by



t

Where

f

A

p

III Coefficient which may be

taken as .0.42 for M.S.

== 800 kg/cm2 for M.S.

== ~V4 (D2 _ d 2 )

/'

(100 2 - 52)III IY4

=: 7834.34 cm2

50
== 783• .'34-

= 6.382 x 10-3 kg/cm2

1~5

For rigid! ty take, t

e) Scraper

D 0.42 x 100 x

== 0.118 em

:: 3 rom

.006382
BOO

Torque on the scraper spindle may be calculated from

the following facts.

As the scraper has to distribute the cocoa beans over

the plate, assume

Horse power == 2

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

is below one. Hence assume q>m of the drier is 0.9



Torque == hLP. x 4500 x 100
2 x If x N

.. 2 x 4500 x 100
-~ x 0.9 x -n'

=: 159154.94 kg em

1~6

This torque is shar~d by 20 scrapers •

Torque of each scraper

Length of each scraper

.. ,15915••94
20

== 7957.75 kg em

= 49 em

Assume 2.5% of this amount as a resistance moment offered

by the cocoa beans. This creates bending moment on the

scraper.

Benqing moment on each

scraper

Bending moment

Assume a width of 2 em,

t x 22 x 800
6

t

== fo~ x 7957.15

== 198.94

== 198.94

= _1~9_8.:.•.:;.9.;.4.....;.;;;x_6_

22 x 800

== 0.373 em

'l'ake thiekness t = 1 em



f) Coupling

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

diameter 1.6 x the diameter of the shaft

1~7

••• Hub diameter • 1.6 x 5 • 8 em

Let the th.ickness of t.he flange- ~ x D

::: 2.5 em

'= J~ X 5

Let there be 3 pins arranged i.n th2 ~)eriphery of a

circle of d~ameter 1.9 D

Say 95 rom

Let the pin diameter be 10 rom

~e overall diameter of the flange will be

2.5 x diameter = 2.5 x 5 == 12.5 em

The coupling on the drier shaft will be similar in

dimensions but instead of the projecting pins, 'the

flange will carry holes, to house the projecting pins.

This is shov!D in the diagram. The overall length of

'each i13nge including the hub will be taken as

1.5 d

g) Gear drive

:::: 1.S x 5 ::: 7.5 em

Horse power

Input speed

= 2
== 1440 rpm (motor speed)



1~8

At the first stsge, this is reduced wi th the help of

a worm t.o a speed ratio of 1140. The wheel shaft. at the

first reduction has a spur gear, \;hich drive another

counter shaft, that carries another step, the speed ratio

being again 1140, thus the output shaft speed is

1/4 x 1/40 x 1440 == 0.9 rpm

'rhe two worm drives are identical. The worm and

gear design and the spur gear design are as follows:

1) Worm gear

'll"nd centre distance

c-:zn

equation is

~ 2+ ~i~;c + VI\. JCosj)

Wnere tc' is tile centre distance between shaft n

is the normal lead

1'is the lead angle

I

VR is tl1e velocity ratio

will be least, correspondingc
The value ofX n

to the condition that the velocity ratio

VR = Cot. 3")\

40 == Cot 3}\

Cot } ::: 3.42

r = 16.29 0 = 16°



1~9

The cen~re distance between ~~e shaft will be assumed

as 80 mm

8
Xn

/JGn
c

==
1 [1 + Co~J8 2ft LSin ~

-ll r 1 J== I 40
217 CInlL. Cos 16

16 II
=-

fii; + 40
16 Cos 16

L
;;=s 1.11

a 1.11
== 1.1SCos 16

n-COs

cGn
(1.lormal lead)

Axial lead

N~ber of starts on the worm will be 1 (single start)

Axial pitch = 1.15 ern

ll:odule m 1.15=-
TT

== 0.366

Choose <3. modul(:.' of 4 rom

."!xi cel pi tch = 7i x m

== 1.26 em

Normal pi tch == 1.26 x Cos 16

Centre distance ·e·
c--~Y)

== 1.21 em

1
::: 2 II

VR 1
CoSl)

40 r-;l
Cos ~



C

~n

C

c

Number of teeth on gear

== 7.2

== 7.2 x 1.11 ::: 7.992 em

-= 8 em

::: Nwnber of threads on worm x

velocity ratio

150

= 1 x 40 ::: 40

Pitch diameter of worm 'd'

Addendum circle dian~ter

::: P
'Ijt:aD /\

c: 1.4 ern

:::d+ 2 •
Ii: 1.4 + 2 x .4

== 2.2 em

:= 11 tan 16

D1dendum circle diameter Cl

Length of threaded portion

1

ng

1

1

::: 0.6 em

::: 1

:= (1.25 + 0.09 + ng) m

::: No. of teeth on gear

::: (12.5 + 0.09 x 40) 0 ••

== 6.44 em

Allowing for the feed marks for the grinding wheel the

the length will be taken as e ern



Pitch diameter of the worm wheel D

Addendum circle diameter

Didendum circle diameter 'Dd '

Out side diameter

Rim width

1i) Spur gear

• 40 x 0.4 1:1 16 ca

-D+ 2m

-16 + 0.4 x 2

1:1 16.8 em

• 16 -0.4 x 2

• 15.2 em

1:1 De. + 1.5

1:1 16.8 - 1.5

== 18.3 em

= 0.67 Da

r:: 0.67 x 16.8

== 11.256 cm
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Let Dg be the diameter of the gear and Dp be the

diameter of the pinion assume the centre distance to be

9 em.

D
9

+ D
E

2

The ge&r ratio

D
-S
[J

P

Dq

• D•• 9

== 9 em

= 1

== D
P

• D == 9 em
p



The speed ri3t.io of gears = !liQ
40

:-: 36 rpm
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•1:>. Pitch line velocity = liD x lq metres/
9 g

minute

Where, N
9

== rpm of the ~ear

Pitch line velocity

The tangential load f
t

wnere 'v' is the pitch line velocity

hbere 'e • is the service factors

Assume Cs as 1.2

•••

Using the "Lewis" equation

r-
== /fx 0.09 x 36

= 10.18 metres/minute

= h.p. x 4500 x c
B

v

2 x 4500 x 1.2
II:

10.1a

:0: 1060.90

Where

Where

f
t == a.b.y.p.

f
t

== Tangenti a1 load

S == allowable dynamic stre.

b = Face \'1idth

y == Lewis factor

p == Circular pitch

S == f1d Cv

c1~ == Pexmissible st.atic
stress
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AssumE:

v~here

#i 1400 ~....,2::::: kgj....

C = 4,58
v 4.58 + v

V :::: Pitch line velocity

C :::: 4.58
v 4.58 + 10.18

s

:::: 0.310 metres/second

= 1400 x 0.31 :::: 434 kg/cm2

b = Face width :::: 10 module

:::: 10 m

= 6

:::: 0.124 - 0.684
z

:::: 0.124 - 0.684--:z
:::: Number of teeth

0.584
== O. 124 - 15 = 0.0

:::: 0.0784

:::: 15 teeth

90
::::-

Z

90=-6

y

z

y

•m'

• 6• •

z

y

Assume

Hhere

P

f t

1060.9

1060.9
434 x 10 x 0.784 x,-

m

:::: Ii x In

= 434 x 10 m x 0.0984 x~x m

~434 x 10 x 0.0784 x v

• 0.996



Take a. ;~1oc1ule as 10

Number of teeth on gear

Addendum

Didendurn

Tooth thickness

Tooth space

rJorking deeth

h'hole depth

Clearance

Fi tch diameter

Outside diameter

Root diameter

Fillet radius

90
9 teeth== - -10

= m ~ 10

::: 1.25 m

== 12.5 rom

:: 1.5708 m

::: 15.708 nun

== 1.5708 m

= 15.708 rom

= 2 m

::: 20 mm

::: 2.25 m

= 22.5 mm

= 0.25 rn

= 2.5 rom

::: zn

= 9 x 10' == 90 rom

::: (2 + 2)Tt7

:: 110 rom

= (z - 2.5 m)

== 65 mm

::: 0.4 m

= 4 rom
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h) Screw conveyer geer

Velocity ratio

Centre distance

= 10 (Assume)

:= 5 cm (Assume)

1 j' 1
== IT Lsini)

+ VR J
cosj)J
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-I'fuere, 'C' is the centre dista.nce between t.'i1e s:,aft

n is the normal lead

VR ::: Cot3

10 == cot3,i)

Cot j\ ::: 2.15

7'> = 25°

The centre dist~lce between the shaft will be assumed as 5

O(1n 1 r= 1 10 J
= 27/ l Sin 25° + Cos 25°

= 1011

5

oGn
(Normal lead)

Axial lead

Gi~ 25
_.. 2.34 em

== ........~.......n_
Cot

= 2.58 em

lo_l
+ COs ~

= 2,34
Cos 25

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

Axial pitch
2.58
=~ == 1.29 cm

lvlodule m :: ...J2...
1f

= 0.41

1.29=-rr



Choos a module of 4 nun

Axial pitch == II x 0.4 :: 1.26 em
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Normal pitch

c
oG n

c

• 1.26 x Cos 25

D 2~ [!i~ 25 ... Co;o25J

D ~n Gi~ 25 + Cosl~~

= 5 em

Number of teeth on gear

Fitch of worm 'd'

d

Addendum circle diameter

Didendurn circle diameter

== Number of threads on worm x
velocity ratio

== 2 x 10 == 20

Lead 2.34= =n tan 7' 7fxtanj\

== 1.6 em

= d + 2 x m

= 1.6 + 2 x 0.4

== 2.4 em

= d - 2 rn

== 1.6 - 2 x 0.4

== 0.8 em

Length of the threaded portion= 1

1 :> (12.5 + 0.09 x n g ) rn

1 ;> (1.25 + 0.09 x 10) 0.4

1 ,. 5.36 em



Allovlin; fJr the feed mark for the grindin-;:J wheel the length

will be taken as 6 em

Pitch diameter of the worm wheel
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D

Didendum diameter Dd

Addendtun diameter Da

Outsid~ diameter Do

Rim width

= No. of thread x m

= 20 x 0.4 = 8 em

:: 8 - 0.4 x 2

:: 7.2 em

II: D + 2 m

:: 8 + 0.4 x 2

:: 8.8 em

:: Da + 1.5

:: 8 + 1.5 :: 9.5 em

= 0.67 x 8

:: 5.36 ern

.1) Heating coil

Heating coil is designed based on the result obtained

from the prototype studies. The mois"ture content of freshly

fermented be<:<Ds was found to be 55%. The recommended

moisture content for safe storage is 6~{'. The mois"c.ure

content of the freshly fermented beans used for the

protct}?€ st~dies was 55%. This was brought down to 6%,

after 15 hours of drying, in the prototype model.

(90 kg, 0.4 rn3/second, 47~C).



Energy required

The heat energy required to

dry 90 kg of beans

== 3 x 15

II: ..m;",.;;.;x.....L;,,;:;•.;;,;H;,;;....V..;..

= 4S K.W.H.
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Where m

m

45 x 860 kilocal
ories

= Amount of moisture
removed in kg

= $1 (MWb1 - Mwb2)
(1 - Mwb2 )

90 (0.55 - 0.06)
== (1-0.6) --

== 46.91 kg

m x L.H.V.c: .-. •

IT! x L.b.V.
= 4S x 860

46.91 x 600
== -45 x 860

7£:
0.727=

.• 7ct.ke a == 73%

Heating coil capacity of 2000 kg drier = 1

The heat energy required to dry 2000 kg of cocoa beans from

an initial moisture content of 55% to a final moisture

conten t of 6%
m x L.H.V.

== - 7J=

m = 01 (Mwb1 - MWb2 )
(1 - 11wb2 )



•• • Heat energy req~red

But 860 kilocalories

• 2000 (0.55 - 0.06)
(1 - 0.06)

• 1042.55 kg

1042.55 x 600
== • 0.73

• 856890.4 kilocalories

159

•• • Electric energy required • 856890.4
860

== 996.38 K.W.H.

From the result obtained from prototYlJe model, total

drying time • 15 hours

•• •
996.38'l'he heating coil capacity· '.';6"'"



Appencl1x-II Economic analysis of different types of
driers
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i) Bulb heated drier

Cost of drying of one kg of fermen1:ed • Re. 0.50

beans

(from literature review)

ii) Modified bulb heated drier with 500 we:t'ts electrical

coil heater

Manufacturing cost of the structure I: Rs. 500.00

of the drier

Electrical coil heater

Total manUfacturing cost

Running cost for one year 365
T

=Rs. 250.00

a Rs. 750.00

= 121 loadings

After deducting repair and maintenance time etc. take

100 loading

For each loading quantity of

fermented cocoa beans

For 100 loading total quantity of

fermented beans dried

For each kg of fermented beans,

energy required

( 0.500 x 34 • 0.56666 )
]0

I: 30 kg

I: 30 x 100

= 3000 kg

I: 0.56666 K.W.H.



Labour charges for each loading I:lI Rs.8/
(Approximate)

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

161

lor 3000 kg of fermented beans

energy required

Total energy charges for 3000 kg of

fermented beans @ Re.O.30!K.W.H.

c: 0.56666 x 3000

• 1700 K.W.H.

=Rs.510/-

Total running charges for 100 loading= Rs.510 + 800

:: Rs.l,310/-

Considering maintenance and repairs

Maintenance and repairs

(3% of fixed cost)

DepreciaUon (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

iii) C.P.C.R.I. model drier

Manufacturing cost of the drier

Running cost for one year 3:5

• l~O x 750

• .!Q. x 150100

= Rs.75/-

lIC Rs.l,310 + 22.5+ 75

1407.50
= 3000 I

= Re. 0.469

= Rs. 1,500.00

= 91.5 loadings
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Afur deducting repair and maintenance time etc. take

90 loadings for each loading, quantity of

Fermented cocoa beans dried.

For 90 loadings total quantiq of

fermented cocoa bean dried.

For each kg of beans energy required

For 3600 kg of fermented beans energy

required

Total energy charges @ O.30/K.W.H.

Labour charges for each loading

unloading, 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.e.)

Total drying expense for 3600 kg of

fermented cocoa

• 40 kg

== 3600 kg

= 0.8125 K.W.H.

:: 0.8125 x 3600

a 2925 K.W.H.

== 2925 x 0.30

== Rs.877.50

== Rs. 9/-

== 9 x 90 == Rs.810/-

= Rs.810 + 877.5

::: Rs.l,687.50

x 1500

== Rs. 45/-

::;..!2.. x 1500
100

= Rs.150/-

= 1687.5 + 45 • 150

== Rs.l,a82.50



Drying expense/ko of fermented cocoa

beans

Fixed cost

• 18S2.5
i600

II: Re. 0.53
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&.l.No.

1

particulars

Single phase 230 volts#

50~s, Electric heater

500 watts

== 250.00

2 Plain glass 1" x~" x 1/8". 28.00

size, 2 Nos

3 Hard wood reaper 32 m == 83.00

4 Reaper bundle 1" - 1 bundle II: 52.00

5 2 M X 2" x ~u M.S.fla~ 10 kg. 60.00

6

1

1~" xl" angle iron 10 kg

W1remesh 15' x J' ~ 1 No.

::I 60.00

• 152.00

8 Asbestos sheet 6' x .'_2 Nos- 166.00

9 Nut, bolt, nails, screws etc= 50.00

10 Varnish, primer paints etc. = 80.00

11

12

l!~tl X 1" angle iron 5 kg

Labour charges and

miscellaneous i terns

c: 30.00

== 239.00

1250.00

Running cost.

Time taken for completion of the

drying

== 64 hours



Electrical energy required for

drying (each loading

Energy charges @ Re.0.30/l<.W.H. for

each loading

Labour charges for each loading

365For one year -.-

= 0;500 x 64

::: Rs. 9.60

== Rs.10.00
(Approximately)

= 91.25 loading
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After deducting maintenance and repair, take 90 loadings

for 90 loadings, total quai'1tital of

fermented beans dried

Electric energy required for drying

1 kg of fermented beans

Electric energy required for drying

5400 kg of cocoa beans

Total energy charges @ Re.O.30/K.W.H.

Labour charges for 90 loading

Total running cost

== 90 x 60

I: 5400 kg

I: 32
60

== 0.533 x 5400

= 2879.98 K.W.H.

= 2879.98 x 0.3

:= Rs. 863.99

=: 90 x 10

= Rs. 900.00

:= 863.99 + 900.00

== Rs. 1,763.99



Consider maintenance and repair and depreci2tion
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Maintenance and repair

(3% of fixed charges)
= ..1...

100 x 1250

Depreciation, 10% of fixed cost

Total expense for drying 5400 kg of

fermented beans

Drying expense/kg of fermented beans

:: Re. 37.50

::; ....1Sl x 1250100

= Rs.125.00

::; 1763.99 + 37.50 +
125.00

:: Rs. 1926.49

= 1226.49
5400

::; Re. 0.36

.) Modified C.P .C.R.I. IOOdel wi th ~ h.p. lOOter and blower

Manufacturing cost of the structure of = Rs. 1000.00

the drier

Electric coil heater

~ h.p. electric motor, blower and its·

fittings

Running cost (for one year)

For one year 3;5

= Rs. 250.00

• 182.5 loadings

After reducing maintenance time etc., take 150 loadings.

Quanti ty of fermented beans dried for

each loading

For 150 loading

::; 60 kg

:.= 60 x 150

• '000 kg



Energy required for each kg of

fermented beans

Energy required for 9000 kg of

fermented beans

== 1.~..o..Q..±_ 373) X 42
60

== 0.6111 K.W.H.

== 0.6111 x 900
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Total energy charges @ Re. 0.30/K.W.H. = Rs. 1649.97

Labour charges for each loading

Total labour charges for 150 loading

Total running charges

;;: Rs. 26.00
(Approximately)

= 20 x 150

:2 Ra. 3000.00

== 1649.97 + 3000.00

== Rs. 4649.91

Consider maintenance and repair charges and depreci etion

Maintenance charges

(3% of fixed charges)
== 190 x 2750

== Rs. 82.50

Depreciation (10% of fixed charges)
_ 10
- 100 x 2750

Total expenses for d~Jing 9000 kg of

fermen ted beans

Drying expenses per kg of fermented

beans

• Rs. 275.00

== 4649.97 + 82.50 +
275.00

:: Rs. 5007.47

5007.47
== 9000-

== 0.556

:= Re. 0.56



vi) Agitation type, multistage drier (cap~city 90 kg)

Fixed cost (Manufacturing cost of the drier)

Sl.No. Particulars Cost. (Rs)

1 Reduction gear box, horizontal 2.000.00

to vertical drive, speed

reduction 1:1600 using worm and

spur gear for fitting a motor

of rating 1 h.p.

2 1 h.p.electric motor 1.000.00

3 Axial trr.e blower with 0.5 h.p. 1,000.00

motor

4 Electric heater 4.5 K.W., suitable 1,500.00

for operation from 440 v, three

phase 50 cycle, A.C., complete

with thermostat control

5 C. Channel SO kg 350.00

6 Worm and pinion 1 set 100.00

7 Electric goods, including, 700.00

starter etc.

8 100 rom thick M.S. sheet 50 kg 300.00

9 20 gauge ~.s. sheet 1 no. 250.00

10 1!-4" x 1" Angle iron !~ full length 10.00

11 M.S. rod for shaft 25 rom 15 kg 100.00

12 Flange coupling 1 set 50.00

13 Belt 3 Nos. 75.00

14 V pully 2 Nos. 50.00

15 Ball bearing 4 Nos. 100.00

16 Taper roller bearing 25.00
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17

18

19

Running cost

Pain-I; and primer

Other materials

Fabrication charges

Total =

50.00

100.00

1,500.00

9,320.00
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For one year 365
T :: 182.5 load.

After deducting maintenance and repair time, take 150

loadings

For each loading, quantity of

fermented cocoa beans

For 150 loading, quantity

For each loading electrical energy

required

3(Take 90 kg, 47°C, 0.4 m /second

loading)

= 90 kg

= 90 x 150

= 13500 kg

15 x (3 K.W.H. + ~ K.W.H. + 1 K.W.H.) = 67.5 K.W.H.

Energy charges © Re. 0.30/K.W.H.

for each loading

= 67.5 x 0.3

= Rs. 20.25

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 lSn loading

Total running cost for 150 loading

=150 x 1~

=Ra. 1800.00

= 3037.5 + 1800

== Rs.4837.50
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Consider maintenance and repair eno depreciation also

Maintenance and repair charges

(3% of fixed charges)

Depreciation (10% of fixed charges)

Total expenses, for drying 13500 kg

of ferment.ed cocoa beans

Drying expense per kg of fermented

beans

3= "iOO x 9320

== Rs. 279.60

10= 'iO?i x 9320

= Rs. 932.00

= 4837.5 + 279.60 +
932.00

= 6049.10

= Re. 0.448

= Re. 0.45

vii) Agitation type multistage drier (capacity 2000 kg)

Cost analysis

A. Hanufacturing cost of the drier

Sl.No.

1

Particulars Co,t (Rs)

Reduction gear box, horizontal 3,000.00
to vertical drive, speed reduction
160011, using worm and spur gear
for £itting a motor of rating
2 h.p. 1 No.



2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Parti,culars

2 h.p. electric motor - 1 No

Axial flow type blower with
1 h.p. motor

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

'c' ~~annel - 100 kg

Worm and pinion - 1 set

Electrical goods including
starter etc.

10 rom thick M.S. sheet - 200 kg

20 gauge M.S. sheet 2 Nos

1!.-i" xl" angle iron one full
length

H.S. rod for shaft 75 10m, 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

l'/dscellaneous 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

100.00

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. Runnlng cost (for one year)

For one year 365,- == 182.5 loading

After reducing maintenance time etc., take 150 loading

For each loading, quanti ty of loading

For 150 loading

For each loading electrical energy

required

Energy required for drying 1 kg of

fermented beans

Labour charges for each loading and

unloading

Total energy charges for each loading,

@ Re. 0.30/K.W.H.

Total running char<Jes

== 2000 k<J

:= 150 x 2000

= 300000 kg

== (61 + .. + 2) x lS

• 70 x lS

= 1050 K.W.H.

1050
== "2060

= 0.525 K.W.H.

:= Rs. 100.00

s:: 10S0 x 0.3

• Rs. 315.00

== 315 + 100

= Rs.41S.00

Considering maintenance and repair and depreeiation also,

then

For each loading electrical energy required • 1050 K.vJ .H.

For 150 loading, electrical energy required := 1050 x 150

I: 157500 K.W.H.



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

Total quanti ty of cocoa dried

Total labour charges for 150 loading

Maintenance and repairs

(3% of fixed cost)

Depreciation (10% 0= fixed cost)

Total expense for drying 300000 kg

of cocoa beans

Drying charges per kg of fermented beans

i.e.
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-- 47250.00

== 2000 x 150

= 300000 kq

= 150 x 100

= Rs.15000.00

3
== 'i.OO x 23000

== Ra. 690.00

10
== 100 x 2300

== Rs. 2300.00

== 47250 + 15000 +
690 + 2300

== Rs. 65240.00

65240
D 300000

== Re. 0.217

= 22 paise
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An infts'tigation for the development of an

electrically heated, multistage, agitation type cocoa

drier, suitable for the Karela 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 fermentat.ion method developed in

Kerala Agricultural University was selected for

fermentation of the beans. The fermented cocoa beans

were dried in the SUD. The process of sun drying

continued upto seven days. The pH of dried beans was

5.2, which was very close ~ the pH range, 5.3 to 5.5

for good quali ty 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 capaci ty 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

energy was required. pH of the dried beans was 5.00.

The bulb heated drier was modified and fitted with

a 500 watt.s electric coil heater was also te.ted. 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 he2ns. The quality 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.I. 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 moount of Re. 0.36, was required

for drying one kg of fermented beartS • pH of the dried

bean was 5.1 and henee quality of the dried bean Was also

satisfactory•

The modified C.P.C.R.1. II'l>del drier f1 tted 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 beens 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 be. was

satisfactory since pH 'Was 5.2.

An agitation type electrically heated multistage

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 quantiq of air (1.e. 0.4 m3/second, 0.2 m3/

second) and varying temperatures (i.e. 56°C, 47°C and

42°C). Air temperature and humidi ty 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 quanti ties of beans, with different temperature

and air flow, it was found that for drying 90 kg of

cocoa beans a temperature of ..7°C and air flow rate of

0.4 m3/sec was optimwn, for this t.ype of drier. '!'he

energy consumed/kg of bean was appromimately 0.69 K.W.H.

The pH of the dried beans was found to be 5.3 and hence

the quali t.y of the dried bean was sa1:is factory • Cost

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

One of the objectives of this project was to

evolve sui table design of an equipment for drying large

quantities of cocoa beans.
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With this in view an agitation t.ype multistage

drier of 2000 kg capacity of fermented beans was

designed. From the cost analysis it was .een 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 agi'tation type multistage drier

are as follows.

As the beans were moving 1n the drier better

uniform!ty in drying was achieved ane 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 SO 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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