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ABS TRACT

ir”ﬂltlonaldsun—ﬂrv1nf of rice iz no more considerved
suitable in Bengledash, as change in cropping pattern.enA
other factorz.demand an ertificial grain Arying method. A
survey on traditional practice.of rice Arying wag made in
1977 in an ares of Kymensingh Aistrict, The survey revesalg

that cogt in Jrying rice in troditional method ig very high
(Only labour cost component is Tz,6.50 per maund) T+ resgul g
in poor grain quality anA sometimes Arying becomes very
Aifficult,

An zrtifical rice “rier wag proposed which will be of

size anA eapeelty, Suitable to & group of Larmers of Bengla‘egh

These were Aetermined from the.date obtained in the SUrvey
on treditionsl method of rice Arying. An improved method_of.,
rice Arying wes selecte? for %he purpose, comparing standard
préctices of ricde Arying in other countries.

y Choice.of suitable type or types of energy sources

and require? Aevices for the burpose,were considered importont.

Dried weter hgacintsr and other vegetable waste available in
rural areasg snAd electricity,were chogen for air hecting. As
a source of mechanical energy to blow ocir human-musele pover
or electric motor,were cho oserl.d couplate rice-Arier in which:
any combinztion of Hhe abhove types of energy may be used was
designed Lrebricatéed and tested . Detaile’. Out uakir;is SH0WS

-

that Aried water hyacinth to heat sir on~ electrlt motor to
cost of ﬂrying.Performance of

run the blower result in lowest
the Arier Aeveloped was studie? an? r_more suita Hle. Smaller
but of s&me capacity Arder is propose? for Ffubure stuly,

A
1

0D

foigture measurement of rice iy imvortont for optimig
operation of the rice Arier, Drying process mayvy be terminates
to the Adesired moisture content if o suiteble moisture meter
is aveilable, while no moisture meter is use in Bengladeah.
in electricomoisture meter W proposed for the purpose,which

wes Aesigned, fabricated and tegted,

1%
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141 Introtuction, . .

Traditional mzthod of sun-Arying of pa’tiv:ig no
more consivered suitable in Bangla Aesh, as chenges in
cropping patiern Aemands an arkificial method of paily
drying. '

kecent introduction of HYV (High yielding vevriety)
-rice has shifte” the narvesting vperiod of mejor food crop
from Cctober, Hovembzr o April-iay. Number of sunns ey
in spril-iiey are much fewer.than those in OQctob r--Novemher.
A more humid environment and an unfavourable atmospheric
condition with Trequent rcins, have male it very inconven-
lent for_sun-Arying of pally in_April-Mey. In the rainy
season, Ary lend for Arying padiy_becomes rare. Houtine
use of National High-ways for patty-irying reveals thig

foet.

Difviculty in proner drying of pediy not oniy
cuuses_inconV%nience but it also causes grein loss and gu--
ality Aetoristion. Thus rice srowvers in pertvicular an? the
country in generel, is losing in t=rms of crop, ag well
&8 cesh every vear beca ause, a sulitable rice-drying techno.-
logy is yet fo be evolueA,

Hence, this project of evolving of‘an appronrisie
nethod of rice-Arying for rural aress.of bangladesh had
been’ texen_in 1976, in the Bangledésh University of
ingineering anA Technolugy, Dacca.,

Any artificisl system of vice-iryings will require
certain type of energs or tyoes of energy, to rrmove
moigture from rice. Hence, it hecomes o problem of 'fneira-
Stulies’ fo fint out the svitable source or gources of

erergy In the context of Bangledesh.
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Drie? water hyacinth enl other vegetable wastée in dAried
form, may be & suitable source of heat ensrgy in rice
driers-in & rural community, Blectric hézters mey also

be used for the nurnose, where electricity iz gveilahle,

Both over-Arying an-s undgr-Arying of.rice are
undegireable., In en artificial Arying method, ovar-Irving
L]

may result in greater losses. An instrument for measuring

moigture content when in use with & rice=ftrier, mog result
in anyoptimﬁm process, termineifing_each Arving cwvcle at
fhe Aesgired point. The Adegired enAa point nay very. To
obtein begt results in milling, _generslly (1 INEIGYS D)
moisture content is Adegired., AnA for safe storage of
grain, a molisture st or bolow (2) 14.5%(W/W) in Aesired,

Considering all these aspects, en aritficisl rice.

Arier along with a suiteble moisture meter were “eveloped.
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Literature Survey. _,

in 1913, (3 Charles Wyitenton of U,5.4. invented
g vacuun 4rier for drying corn in unite” states, Fig 1
shows the Arier, Vertic:l cylinders 1 and 2 are connected
by & gpout 10. 4 and 3 are vacuum pumps. Thé cora ig
introduced..into the upper vesgsgel with & vacuum of 25 in,
Steam is admitted into heating coil 5 to heat the corn.
Drying-takes nlace in vecuum, ioisture ig removed to the
desired point using e moisture tester, Dried but hot -
grains ere passe? to the lower cylinder. In lower cylinier
vaccuun is slago 25 in.-Here cociling takes place, D:led

2n® cocle? greing are Aischarge? by spout 13.

In days of cheap coel an? gteam encines +hese YaCUm
driers were in use. Only advon ntage cleimed © was thai F3>
germination of corn will hHe wholly av01ﬂe” in this type
of Arier, Probably, energy consumption was not a'very

imporvant issue at that time,

- Tn 1935,~(4) Earl Dienst of Germeny improved this
Arier., In his Arier, the grein ig Arie? under vecuun
continuously an? in uninterrupte? operation within a
ghort time and ot comparatively low temperature, the
power naafde”? for operating the apparatus beins like wise
small,

iofern “riers use hot air to ¢ vy grain. Alimost alwe
8vg-they comprise of a blower, an air hester and a arain

hol7ing bin,

Tie Dblower may be a centrifugul type fan with for-
ward - curve”, rzdisl or backwar?! curve? blades. Orit may
be an axial flow fan, while it mei be of prépeller type,
tube axial type or venecaxzial type. Fig 2  shows these

different {ypes of fans.



it S SRR S S
. T e e o Tl Wy Feshy

T

Fig-1 A Vacuum -drier
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Fig-2 Oifferent types of blower




Air heaters are divided into two $ypes based on the

method of heat trengfer (1) Ariect and (2) indirect, ]

through the grain along with hot air Mg 3  shows two
types of heaters. The direct heater ig legs Xpensive.anﬂ
uvilises heat energy more efliciently; however, smoke

mey Jemage the grain, In the indirect tyre, 2 heat transfer

surface floeg not permit smoke to mix with the Cryingz air,

ch type

<

Greln holding bins are designed for bad
Arying or for continuous Tlow Arving.
Satch type.

Deep~bed drying.

Grain is hold over a False floor covered with a
screen mesh. The air-flow rate is a minimum as high power
1g reguire? for a high rete,

In Jeep-bed Arying bottom layer-may be over Irie’,
S0 & low temporature Irying air is used. Such z Arier

is shown isg Fig 4 .

fhin-leyer Arying. .

yoey the surfeace-area of the Arier isg
increaszes an’ the depth of he Arying layer of rice is

po]
Gecreased, In this type, the -whole hetch Ariesg quickly
With less charce of spoilapge dus o moulding, danger
of over drying iz lesg and requirea a low eir pressure.

Tig 5  shows such o Arier,

Contirmoug-Tlow type.

Rice Flows by gravity. from topr o bottom through
these columnar driers, The Tisharge rate is controlled.

If the rice flows in a streishi path, the Arier is callies”

-
4

& non-iizing type. In the nath is Airertesd, it is =

a

mixing type.
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Fig-3  Different types of burner
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Deep-bed drier

Fig-4 Batch-type driers
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Fig- 5 Non-mixing type columnar drier
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columnar drier

type

Fig-6 Mixing-




Hon-Mixing Iyne.
,In Tig 6 twontynes of non-mixing driersz ere shown
G“alﬂ flows SLrothL Aown the columm, The layer 8l -rice

“rier

-’4

closest to the imput sgerean is Aried by holter &
air than the layer next to~the exhaugt Dcreen. However,
ixing takes place Auring digcharging.

Hixing type,

In Wig 7 a bvaffle type drier is shown, It ig
equinpe with sheet metal buffleg, wiiich create turbulence
an” mixing, In mixing type Ariers, lighs particles are

blown out with the exhaust zlr, This improves rice qualizy,



CHAPTER -3,
3.1 fraditional method of rice-

Arying,

Treditional metho? of rics drying is practiced
elmost throughout the country, The pgrain ig usually
spreat on a concrete floor in the onen, wk@re g few
hours exoosure to the gsun is sufs ficient to ensure Arvness,
from proper éssessment ol the necegsisy of-an impreved
grain-“rying syctem, & survey was conducte’ on trafitional

mechoﬂﬂ of rice Adrving, in all tThree harv s*iﬂw deagons
5 EN )

3.2 sSurvey on t;@@i@ional prectices oi-rice Srying,

In August, 1977, treditional metqoﬂ of rice “rying
in Avs seagon was surveyed in Atpars P.S, of Dymengingh
District. Leter in November, 1977 end in Limy, 1978, rice
rying metnods in Aman and Boro seasons wers algo atulied,

Heerly 60 holdings were covered in-each survey, &
aistory, veginning from padiy harvegting
to padly husking or gtorirg were recorded,(Refer 4o

Appeniiz-a.)

3.3 ImRQEE%nu 1n10¢m ationg obigigf:_ggggﬂgqg _Survey.
1e In 85% ceses in-&ll the secgsons; the Iarmers prefe:

to boil-his profuce Just after hirvesting, prior

o sun-trying. Thus in 85% cases varboile? rice sre

Iried by trafitionsl method.
2, Yrying load of o typicel farmer's in-the

harvesting sesaon is around 300~-tounis per g,

Haximum loa” ig 400 pounds per day,

=
Ja Iinme toalen Vo “ry esch beisch completely is 8 hours
ap roximately,
4o In mogt cno Ju”, two days are reguired for complate
dyying. On 3 to 4 hours per A v is the effective

time for ﬂrying.



5. In 43% cases two persens are employe?, while in 524
one person ig employe? for Crying,
6., In nearly 64% casco women are employe?d lfor Arying.

3.4 Ihe question of moisture content,

In tretitional method, moisture iz Aetermined hy
cracking a grain with teeth. Bage” an invuition anfl
ience, farmers ‘etermine moigiture contents Thisg

eri
results in over drying an? under Arving of padiy with

loszes,

It iz important to keep the moisture centent of
rice below a certain limit. This helps to reduce losses
in when th2 reference storage “Jue to fungi. At moisiure

(@) 40,

grow, althongh some species of “.fungi are able to "o go
(2)

content abova the fungus sporss geruinate and

at lower humidities. Oxley gtates thet in moast Je
fornian mills, pa’ly with a molsture content abhout 1
15 per cent produces the best result while rice for.
export cannot obtain a goverment certificete of grate if

it conteins more than 14.5% moisture.

3.5 - DPiscussion,
The survey on rraditional method was confuctad in
an aree (of ¥ yimensingh District), Where agricultural

production iz at the subsistence level, Major portion

of the profuce im consume® by the profucer himself., Tt

o

was observed thet, in this area in 85% cases; padly

¥

ig parboile? bLefore storing, for the protucerfs own

£

couasumption.

5)

Reszeaxrchers estimate ( thet abosut 10% of the crop

iz lozt it the grains are left in she field o Ary “own
to 14-16% before they cre harvestel,Thus fermers in
Bzngladesh probebly lose a concilerabla protion of their
proTuce.in effecient vogt-harvest practice may recover

thiz loss,.
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4.7 An improve? rice Arying sys 53 e,

An improved method of rice Arying is to use any
artificial system to remove moisture from igrain,., Rice
graing are hygroscopic in nature. Its moisture content
varies “epending on the temperature end relative humidsity
of the surrounding-air. To ebsorb moisture from the
grailn, the surrounfing air must hsve 2 low relative

humidity. & simple method of lowening

i

the relative
humi®ity of the air inm heating. When in contact with
the wet graim, the heated air raises the temperature of
the grain an? increazses the vapour presgure of the mois-
ture within the grain. The hen ating heastens the transfer
of moigture from the zrain to the heated air.,

The Arying rete is influence” by the Tollowing

factors -

1. the temperatvure of the @ryving-air.
2. the relative humidity of the drying eir.
3. the availability of moisture st-the surfice of the

grain where 1t can be evaporated,

4, the amount of air rassing through unit amount of rica.

An improved rice drying system may be composed of
the following -

1. & heater for Arying air -
2 a blower to foree the heated alr-threug: rice

3. e Jevice to hold the rice being dried

4. & system for loafing ant unloa’ding rice on the
holding device

5 a moinitoring to control the whole process, as

4L

well as checking the moisture content,

e
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4.2  Importance of an improved rice drying system.
i) . In artificial method, drying can be done in foul

and fair weather.(An all weather continuously'running

gystem. )

-

ii) The drying operation can be controlled accurately.
This permits lowering of the moisture content of grain
more closely to the levels necessary for milling with
meximum hea? rice recovery(16 to 17% W/W)(1 or to a
level suitable for grain storage(below 14.5% W/W)(E)

iii) It permits early harvest of-pa?ly, subsequently
reducing field loss from storm end natural shattering.,

iv) The harvest season can be planned to make better

use of Labour.

V) It permits long term storage without - detoristion.

vi) Viebility of seeds may be maintained by an improverd

artirticiel system.

vii) It permits use of waste profucts, This point will
be clarified later on.

4.3 in eppropriate-rice Arying system for Bangladesh.
~ DBanglafesh-nee?z an improved rice drying system.
Traditional sun-Arying of rice is no more consifered
suiteble, As any ertificial system Tor Arying will
utilise energy olher than solar, an appropriasteness in
choosing the right-type of emergy or tynes of energy and
the right type of device or devices for utilising thst
energy, may result in an aporopriste rice irying system.

b
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Reported un-employment end .under employment in
-rural ereas dictates that more and more human muscle
power be used  for some fruitful purpose, And a rice
drying system may utilige thig himan muscle pvower for

blowing air.

For air heating, any locally availeble vegetable
waste like dried water hyscinth may be used. At present
water hyacinth - wet or dry - is consifered only a

nuisance,

In planning an? designing for the rice Adrring
system Jue congideration is given %o the nresent techno-
logical state of the country end to the availability
of materials in the local market,

A complete rice drying-system,-with the~following
salient features weas proposed, with due regards to the
socio-economic and ecological environment of the country.

Te The size an? capacity of-the wice drier should be
such that it can cater the need of & group of farmers,

24 The whole system should be simple enough and suit
the technologicel state of Bangladesh. 1ts operation
should be simple, so that fermers . can well manzge it. i
any cese output quality should be satisfactory.

3. The artificial drier will use hot alr to be forces
through grains.,

g« Mechanicel energy to rum the blower that forces
air through grain may be obtained from two alternate sou--

rces. Ome souree is human mugcle power. A man may be

employed to padile the blower. Another source is elecsricg’

energy., A motor is to run the blower. Provigion should
be made such that either source cen be used for the
PuUrpoOse .,

Y
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be To heat Arying air, sources of energy may be

dried water ¥ cinth or electrical enerevy. 4 Tuwnece

oy *

378
end z heal exchanger may heat air, burning drie’d water
er

g
fyecinth, Alternatively, an elecdric hestee may heat air
Zither of the sources may be used,

4. An accurate moisgture mer3¢wlng'equipment is to

be use” that mavy help controlling the Arying procegs.,.

It may be en electwonic type equipment using locelly
avalleble cheapr sn? popular electronic gn:
mey be powere” by two pairs of oriinery towreh -~ licht
cells. 1ts operation shoul? also be simp

L

vhat an average farmer cen use it

|_L.J
>

nougil 8o

-~



CHAPTER -~ 5, : , : -
5.1  Plenning and design of & rice dryine system,for
rural arezs of Bangladesh.

Any technological improvement will be accepted by
the user®., only when it can serve their purpose in a _
better way. lence a close observation of the drying neads
of an agricultural community.was made. To serve thig
requirement s community based drying plant-is proposed,
The plant may be owned by & cooperative and may serve g
certain agricultursl cormunity, Farmers mey utilise the
plant for Arying their harvent on paynent in cash or

perhaps commodities,

5.2 Rice drying loed of a rural agricultural community,

An average farmers family hendles a Arying load
of 400 lbs-per day. This-mey be taken as an average
figure to determine the drying load of a community .

~'In rural areas, family bond is very strong. Tradi-
tionally‘a Tew Temilies live in a cluster of.-houses,
where they share a comuon pond, & commorn wood lot or
2 bamboo grove. Most often they are linked by blood.
All the femilies living in the same clusfer of houses
moy well maintain en artificial drying systemy while
their traditional drying Tacilities are considered no
more suiltable,

Usuelly 4 to 5 in-dependent families form such

a duster of houses. Drying load of.such a duster.of
houses is roughly 2000 pounds per day or 24 maunds per

day.

5«3 'Sources of power for rice drying,

In amr ariificisl Adrying system mechanicel energy
is required for blowing aixr through rice &nd thermal
energy is required to heat the same air,



Se3e1:80urces of mechanical energy for rice Arying in

rural areag,

g, Mumen mugcle power,

Primitive mechanical energy source is muscle power
Dovn to this age, humen muscle power drives the largest
transportation system of Bangladesh~ the country boat,
It is observed that a man can work continuously for 2
hours and than needs a short rest. This enables him to
give optimum energy output.

Ag to the ocutput of an avsrage Bangladeshi man,
no previous data can be gethered,Physiologigts ( )have
determined that strenuous activities,suchas, swimning,
running,by-cycling etc. result in 360 kilogram calories
per hour, or more energy consumption in a human body.
This figure is for peoples in temparate climate., Agsuming
that the game figure is applicable in Bangladesh and
that effeciency of human body in 30%, output of & man
becomes.

-

(108 Kcal/hour)(.,00156 HP- hour/kcal)
0.168 HP. (125 vat+ g)

When situation permits,a man prefers to use his
leg muscles for doing strenous Jobs, Hence,in designing
any system utilising human muscle power, the man mnay be
allowed to use his legs.

This mey be the most suitable source of mechanical
energy for.drying rice. A bi-cycle wmay ve placed on
steel stands, keeping at least its rear wheel free to.
turn(see photo-1). How if & wan seats gomfortably on
the cycle's seat and paiiles at & speed that results ir
optimun energy outﬁut,dpower may be taken from ths rezr
wheel, using one_method-a frictional couplings, The bi- -
cycle may-be used for riding when drying is not require-,



bs Animal muscle power.

Most_0f the prosent agriéultural operations like
tilling and threshing, are done in Bangladesh.by animal
muscle power, Already these sectors are demanding more
and more _power, While the animal muscle power in rural
ereag 1is dwindling. Hence,it may be wise not to use this

gource for drying.

Co Llectric motors/Diesel engines.

Rural FElectrification Board in their effort for
are& coverage, may make available electrical energy to
every nocok and corner of Bangladesh in the near future.
Hence electric motor may be the only competitor of human-
misele power, for rice-drying. Only a proper evaluation
of capital expenditure and running cost of both electri-
cally &riven'machines end human muscle power driven mec-
hines, can show which one is the most suitable for a

certain purpose, This is considered important.

Our experience suzgests that,itegsl. engines are
far too complicated than elegtrical machines.lts intricete
components discourage its wide_use in rursel areas, Intro -
duction of these engines in mid-gixties for irrigation
or tillage; are yet to be popular emong masgses. floreoverx,
recent high oil price diminishes further its utility in
rural aress. Hence diesel engines were not censidered
as a mechanical energy source for rice Arying.

In view of the above facts, only an-electric
motor is considered to be an alternative Arive_for the
blower. Hence an electric motor iz incorporated in the
ailr blower., As an alternative to the “human muscle
power drive, this motor can also drive +the “lower

(see photo-1)
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Air-blower, bi-cycle & electric motor

Photo-1
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5a3.2:50urce of heat for & rice Arying sygtem in rural arecs.

8. Dried water hyscinth.

“ater hyacinth a well-known aquatic wead is consi-
dered as a nuisance in rural Bangladesh. In.every year
‘this enters.into rice field and causes congiderable lossg
to crop production.. Horeover, it canfes difficulties in
navigation Auring asntumn season and'déatroys the fisgheries.

Only to a very.little extenﬁ,this'Wateruhyaointh
in dried form is used as fuel. It was observed in Junsh-
iganj-tanikgen]j areas of Dacca.district, that.poor peonle
collect wzter hyccinth in dried form from road-gide

ditches to burn for domestic purpose,

Por domestic purpose, this dried water hyacinth
may.-be congidered as the worst tvpe.olf fuel. Lo ostudy
on-iomestic energy sources of Bangladssh 57) reveals
a1 g

that when used for the same purpose, dried water hyacinth

tekes 48% more time than fire wood.(seec table =1),

in an certificial Arying gystemy & blower is to
be used for blowing air. If-e small vortion of this air
ig used for burning of dried water.hyacinth, on effecient

burning

e
ju

be aasured, lence dried water hyacinth is

i

chosen as

nerhaps the hest source of heat fof the rice

i P, -
Arying systen,

Weter hyacinth Adoes not have any production cost
at the moment. Dut its high moisture content results in
e very high handling cost. Table shows the obmervations

on collection »f water hyvacinth.
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Table No 1

Resutts of

experiments on utilisation of domestic enerdy

sorces of

Bangladesh in cooking 2 seers of rice

“Type of fuel Fuel required | Time of cooking
used (in lbs) “(in min)

Fire wood 3-0 56

Cow dung 3:0 ‘ 78

1 Dried water . 35 |- 03
hyacinth '
Twigs & leaves 2'5 5%

Jute stick 15 | 38

Refer to project report on ‘Study of Domestic
Energy sources of Bangladesh‘,' submitted to

the E.E. Deptt. of Bangadesh University of

Engineering & Technolgy, Dacca in 1976.

a EEN 1 '4-F PR o
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Dried water hyacinth

Photo-2




N

4bout 300 pounds. of fresh water byacinth can be
collected in one man-hour. Since daily wage of a Bangle-
deshi lebour.is Tk.10/- per day{maximum,working period;
8 hours per day); collection cost of Aried water hyecinth

(as moisture confent iz about 95.5%) is apprexinately

Tk.0.7C per pound,

b. Zlectrical Bnergy,
“hen elecirical ensrgy will be svailable in most

of rural areas of Bangladesh and other cuesp sources of

energy will be more senrce than the bregent tiume,electric
heater may be used in plaoe of burners using vegetable
waste, Hence in the ultimate design of_the rice Arying
yetem, an electric heater was provided ag an alternative

=

4]

tne oven. It will also._serve the purpoge of comparison

to
between water hyacinth and eleciric hecting.

C. Other vegetable wastes.

Dry wvegetable waste like leav g, twigs ete. o
nable fro. home-stead forest or from crop field, may

.,

Dtai-

well be uged in dried Form, instead of Aried water

hyacinth,
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Human-muscle power

Electric motor r
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1 Dried water hyacinthj

Electric heater-

- ‘ com bustion
, ; air : ’
air —{Blower T Burner I
3 ¥
— : ! hth
Air - heater ~
y hot air
moist dried
paddy paddy

Grain helding bin

J_._ moist warm air

Fig-7 Proposed rice drying system




5¢4  lMoisture measurcment in the rice-drying system.

Accurate measurement of moisture “wontent dsla .

pre-requisite for the guality control anAd optimum
operation of the rice-drying system.

in electronic moisture meter with the following
Teatures is considered %o be the most suitable for the

purpose,

T, It should be a small, portable meter using ordinary

torch cells as power source.

2, Its operation should be simple enough, so that
an average farmer can master its operation.

3. Readily available electronic Speres,familiar to
raral electronic technicians(radio nakers) be

used in its design,

4, Electronic circuits be gimple enough that permits
rural electronic technicians to repair it,

5. - Accuracy anAd reproduvcibility should be such that
it serves the intended purpoge,

6% Its range should be such that it covers the

usual moisture variation in padiy( and other

conmmon cerealg)

e
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5.5 Design of an anpropriate ricemdryinﬁ system.,

liogt often in a design orovlem there.ig limiting

T

factor. Intire desgign procedure then depends on this
”LlMlblP” factor®, In degigning the rice Arying Jyaten,
the "limiting feactor® is the human-nuscle_power.Cutput
from such a Arive when only one man is nedlling 1s very
low. No Aependable information about the power output
and cther characterigtic of such Arive is aveilable.lis
the blower is dAriven by human-rmscle power,its output
becomes low in both volume of eir, @z well as,velocity
head of output air.

Alm in the dezign 18 to Ary maximum amount of rice
in a minimum amount of time, while there.remains %two
congliraints. One is to-use a man for padiling +the blower,
anotner is to use Aried water hyscinth as fuel to heat’
the sir., Designer can optimise the degign in two ways.

B

i) Avzilable elr from the blower may be feorced fthrough

the max Lmum amount of rice,through which this eir can NESH.

It requires & higher velocity head at the Aischarge point

of the blower. In a commerciel drier 50-100 cfm of air

pesses through each bushél of rough rice,

ii) Temperature of Aryving air, when it enters into grain
pos

may be kept as high as sgible. According to C.W,

t

Hall (8) venpersture of ﬂrwla air can be ag high es
130°7(55°¢) ag long &s the grain te*oe¢1uare Acez not
excoed 110°%7, Air temperature upto 15 O (66°0) might be
used to reduce the Arying time, bui there is a neoticeabla
effect on the milling qualities and germinetion a%t these

higher teinperatures.

As stated earlier,degired capaciiy of tiue Arving
system ig et least 24 maunis per day. Taking the above
stated limiting f. ctior in consideration it was decided .
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T nearly 100 cfm of air per bushel will be passed.
through rice, (1 bushel 45 pounds of rough rice) and

i . . o)
2 drying ailr fempersture will be 55°C.

e actual capacity will then depend on-the
output of the blower. If the capecity of thz drying
system becomes :sround 24 meunds per Aday, the design
mey he considered satisfactory. Othefwise, only an incr-
eouse in the human-muscle nower drive can r-osult in a

larger drying cepacity.

5.5.1:NDegign of a blower. -
The blower cazn both be driven by human-musgcle

power Arive or by an electric motor,.

_ Using & bi-cycle fitted on steel frames with its
rear-wheel free to rotate ant taking power by friction
coupling from this wheel, a blower wes tried to bs Ariven.
At Tirst the blower was an-exial one., The outnut was

very low end was considsred inadequate, Two cycles in
tendem were then used., The result was still unsstisfac—
tory., Bpeed Aifference between the_cycles rzzult in

high frictional loss, vibration and noise. The axial-

type blower was then changed by e radial type blower.

in electric motor is incorporated inothe
design, as an alternstive to the bi-cycle Arive. Beth
the friction pulley which is coupled with_the bi-cycle
wheel ani the electric motor,'are connectel by rubber
telts to & common shaft.This common shaft nay be Ariven
at will be either of the Arives. The fan ghaft ig
connected with the comuon sh.ft by = rubbar belt.(see

photo-4),
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Photo-3  Air-blower
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To determine the.speed, at which an average
Banglsadeshi can irive continucusly, an. optimum amount
of load,.number of experimsnts (triél &nd error) were
performed on the bi-cyecle Arive, with the axial-type
fan as the load, Table no-2 shows +the ultimate results
bbtaineﬂq Thug fan BDPDﬂ was set at 465 rpm when both
motor and bi-~cycle drive rpoulc in sone speed, thet ig,
465 ol

L rotor diameter of 25 inch iz.chosén for the
radial-type blower. For & rotor gpeed of 465 rpm, tip
spee of the blower becomesg.

I[T.D, W, = 3042 Tpm

Here 1) = dlameter of rotor,25 in.
N = rotor speed,rpm,

(9)

blower shows that for a tip speed of 3042 Tpm, total etatic

fin exsumple of & radial=type straipght-bladte

pressure at the blower cutiet im 1.3 in of water.

For a tip speed of 3042 fom, static pressure will

be 5
1.3 x'g 283%--3 = 0,75 in of water,

Assguming thot only 50% of the toial neveloped
T

¢]
.
=)

i¥
e

presure will be availeble for fo air through grains

anl the rest 50% will be logt in the air hsater and other
ducty, them only 0.4 in of water bressure will be gveilable,

The blower was testad.for its air output. Total
asured output wag recorded as 700 cfin.
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Photo- 4 Common shaft, pulleys with belts



Megasured speed in rpm at various peints
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- Table No 2

L3

A

‘Bicycle

 Fan  |Common | Friction . ‘-
_ pul ly redr Paddle

shaft shaft shaft "wheel -
4L65 350 180 60 25




.3 "Design of the rice-holling bin.

Tl

4 verticel continuous type Arier was chosen'for Bhe
purpose. %o bhe more exact, the Arier is.a combinetion
of & batch-~type and s continuous-type. Grain flows through
it intermittently, It ig & counter-flow Arier. Theorati-_
~cally () this type of Arier gives the begt fastzd method.

A schematic Alagram is shown .is I'iges, whilé the Aeteiler
drewings are. lown in Drg-1 aﬂd-B.

Lsececording to 'NortoncJO; the moﬁt econoniical “denth
for D(see IMig-8) will depend largely upon the lowesi -
combination of corresponding costs of . fan. power and Arier
construction Tor the various grains and initial =nd
final moisture conditions. TFor example if air.flow rate
of 80 CIH per bushel through.rice were_degired, the depth

~

of sectvion D would be limited %5 around 9 to 10 inches,

In Aesigning, 1t was agsuned +thet out of 700 cfm
output of the blower only 300 cfm will be available for
blowing through rice. Incresse in beck nreggure, decremsocs
the oulput of the blower, Pressure zvailshle is assumed
to be 044 in of water., Available 300 ¢fm can be blown
Thro :gh 3 bughels of roﬁgh rice, as 100 cfm/bushel ig the

desired meximun flow rase.

Tet us choose, grain depth = 6 in, 3
27 1hg/T%.

(Determined experimertally)

Il

Densivy of wet rough rice

. Required floor ares for (3 x 45) = 135 1lbg of rough rice
— 3 X 45 — - 2
= vrEeE < 10 £+,

Alr flow through the Tfloor area is 30 cfm/sq.Tt.

FB%m the graph shown in FMig=-9, for sir flow rate
of 30 cfmlft 2 through rough rice(13% moisture content)
pressure Arop/ft is 0,8 in of vater. Henee for a grein
depth of & inch,prescure drop becomes Q.4 in of water.
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'Fig-® Schemetic diagram of

.a counter flow

drier.

T
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Photo-5

Grain

holding

bin
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5.5.3:Design df the air-heater.

An indireci type of heater is chosen to heat
Adrying air. Dried watnr hyacinth burns inside a
furnace thet gets 1ts combusclon air from the same blower.
Combustion process is controlleﬁgby controlling the air
Tor combustion., Resulting ash and other unburnt portion
of the fuel grate. Air for combustion passges through the
ash chamber and the grate,to the furﬁace.

In defermining the heat requirement to heatvair,
practical Aegign practice is to avoid complicated conv-
ersions from weight to volume at verious.state points by
agsuming all air supply.to be &t standard gpecific volume
of 13.34 cu-fi per.pound and, stendard specific heat of
0.24 Btu per (pounﬁl)(fieg)“‘IS

In this way, the.sensible heat delivered to the eir

stream may be expregsed :og

- ( . 7.

here H3 = sensible heat abworbed,; in Biu per hour
Q@ = Cu-ft of air Aelivered per minute(cfm)
T = Chenge in Ary-bulls tempersture of the air.

In this case, final air temperature = 14OOF(GO°C)
Let, ambient temberature = ?7OF (25°0)

Ll

- o A T =63T
Required air~flow = 300 cfm. w
Bstimating totel requirement of combusiion air and
other losses as 50 cfm,total =ir to be heated becomes
350 c¢fm.

Thus, requirei heat flow is
H3 = 1.1(350) (63) = 24,255 Btu per hour.

Effeciency of indirect heater is assumed 45% only.,
And heating value of dried water hyacinth is assumed as
5,400 Btu per pound.
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&

24.255 -

Hence, fuel requirement = P 5200

_ = 10 1lb/hour.
Cdmposition of Aried water hyacinth is shown in table -

Air required Tor combustion (122%is ziven by

P = 11.48C + 34,19(H, - ~%3—) + 4.305
' 11.48(.335)+34.19(O~.056)+4.30(.0035)
5.78 1bs of air / 1b.of fuel

Il

H]

it

+ «» Required air-flow.for combﬁstion for = fuel rate
of 10 1bs of Aried waterhyacinith per hour is

= 5,78 x 10
57.8 1lbs. of air per hour.

I

. At 80°F embient temperature and 80% relative
bunidity, density of air is 14.0 cu-£t/1b(TFrom the
psychrometric table, Fig 10 )

Thus; combustion air reguirement
57.8 1bs of air/hour x 14.0 cu.ft/1b.,
14 cfm.,

|

1l

Above the furnace im the heat exchanger(see Drg_4 )
Hot gases anl product of combustion passes throuzh this
heat exchanger. The 20.in, x 8 in. crogs section of the
heat exchanger isg divided into 20,1in. % 8 in. sections
which are separated by thin sheet metalgs. Hot gases pass
throngh alternste sections, while cold zir passes through
remaining sections, Flow of hot gases an-d cold air are
opposite to.each other, Heat from hot zazses pass to the
cold alr and then +the hot gazses egcapes to the stmosphere
through the chimmey.

To minimige conduction loss of heat from the heat
exchanger, it is thermally insulate? &t both ends by

insulating bricks of conventional Aimensionsg.
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545.4:Electric heater deéign.
The elsctric heater is placed between the heat

exchanger and the inlet fo the Arying section. Heating
elements are placed ingide the space enclosed by insulating

hricks.

Assuming 100% effeciency for electric heaterg, and
knowing the requirement of air heating as 24.255 Btu/hour
(ert 5.5.3) heater capacity becomes.

24,255 x 0.293 = 7107 watts(1 Btu=0.293 watt-hour)

Line-to-line voltage at the laboratory is 425 volts.
No.22 size of ‘Nichrome' wire available in the local
market and sold as '2000 watt heating coils, were procured
for the purpose. Experiment shows that when 6V A.C. is
impressed on 14 turns of the heating coil, a current of

5.6 amp flows through the turns.

A total of 9 pieces of 2 in. x 8 in. mica-sheets
of & in. thickness were arranged vertically in egual
spacing inside a 20 in., x 8 in. frame of 0,25 in thiclk
asbestos sheet(see Fig-11). In tptal 24 segments of
heeting coils with 14 turns/coil were arranged in each
of the 2 in. x 8 in. mica-gheets. Then, cegmentg,in
3 adjacent shects were all placed in deries, This wes
termed as & coil. Then all ithe 3 coils weie coinected
in delta. Tull line voltage was impressed on these coils
thet ore connected in delta,

Total number of segments.,

= (24 segments/sheet)(3 sheets/coil) (3 coils in Aelta)

= 216

Voltaze impresse? on each segment = 5.9 Volts

Current in each segment is.5.6 amp.

Total power Aissipation =(Power Aispination/esmment)
X (Total number of segments)
=(5.9 x 5.6) x (216)
= 7,137 watts.



.

Actucl test on the electric heuter shows that only
14 turns Der Segment result in nearly 68°% air uemnerature
(with 25 C ambient). The hest seams to ba Aetrimentel -

to the heater it selr., Hence, number of turns were changeA

) : : .0
o 17 ‘turns per segwent., This gives required 60°C at

25 C smblient,

A

e
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DRG -3 Cross-section of air heater at a-a
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DRG-% PLAN OF THE RICE DRIER

SCALE
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Photo-7 - Air-heater & burner
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Photo-8 Chimney of burner




Photo - @ Burner & rice holding bin
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i

Photo -10 Electric panel ‘for heater & motor supply




43

CHAPTER -~ 6, o L
6.1 The moisture-metexr—-its design end calibretion.

An accurate method of moisture measurement helps
in optimum utiliset.on of the rice Arier. The. . Arying -
procesc c&n be controlled eifectively to the Aegired end
point. This has led -to the deve10pmg§tf0f & portable
moisture-neter for rapid 4eterm¢nat10n of moistur e;contént,

f

6.2 Theory,

ijoisture pregent in grains changes zhe dielectric
congtent of grains. Dielectric constant of Ary greins is
5, while that of water is 80 (13) Thud.percentagze of Wu+er'
'present in greins chenges the ovarall 2ieleciric constenu

of graing. . .

. If greins at various moisture content are use-
a8 dielectric between two plates of a capacitor, the
henge in moisture content changes the capacitence of +the
cepacitor. If a capacitance bridge iz used to measure this
chenge in capacitance the result of meesurenent mey be
used in moisfure determination. Usually the ucsle ig
Airectly greduated in percentage of moisture..

643 Description on.the degign, fabrlcatlon ¢nd, _operetion.

Theischemaulc dlagram showvn in Mg ~12 shows in
block diagram, the major elements of the moisture e~meter,
The oscillator shown, generates a gine-wave of 350 LC w1th
2 voltage 1evel of 50V peelk-to-peak, This ginusocidal
voltoze is unnreeseﬂ on the bridge network shown. Its a
simple a.c, brlﬂ"fe° Two of the four arms are containing
resistance of.equal.values(24,.53 E:). These resistznce
levels were adjusted accurately using kelvin bridse for
mecauring resistince, One srm of ther A,@-bridge contains a
specimen holder with two perallel nlates(4 in. x 5 in.)
spaced 0.5 in apart, between which' the grain svecimen
i1s plzcad, '
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The fourth arm contains a variable capacitor (1450 1.) N

The bridge can be balanced by cAjusting the variable
cepacitor. Different specimen in the specimen holder
resulte in a Aiffernet final position of the variable
capacitor in order to achieve =z null.point. The variable
capacitor corries.a needle which travels on_a gcale
Airectly graMeted in.moisture content. To Aetermine the
null-point, a null indicating circuit is used.Tt couprises
of a milli-ammeter(0~50 mA) with a adjustable shunt

resigtance(0-10k ),
Detailed circuit diagfam is also shown in Pig—- 12,
Descrintion of major equipments =nd elements are shown

in the diagram.

6.4 Calibration of the moisture-meter.

The meisture-meter iz calibrated against a regis-
tence-type moisture weter(SAUATE, Lade in Japan):The scale
of the moisture meter is first graduated in_an arbitary -
scale. This scale wes subsecuently converted to a-gra‘uated
scele that gives values of moisture content of padity(in

weight badis).

The specimen holder of moisture meter is designed
for 80 gms of padiy. For celibraotion purpose,Perbnilen
rice with very high molsture content was_collected. At _
first, 80.gms of moist natdy was measured in & scale snd
was placed in the specimen holder. The moisture meter &g
then use? to measure the moisture content in +he arbitary
sc..le. Moigfure.content is also.measured in the gtendard .
meter. Both regdings were recorded. MHoist paidy sanples
were than dried in & drying ovem, =s well ag, in sun-light.
Various readings were taken at Aifferent moigsture level,
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"meter

Photo -13 Chemica  balance & ohaus moisture
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Simultaneously, in both meters;‘Table”_} shows the results

of experiment. Based. on these results, a calibretion

curve ghown in Mig 13 was drawn. From this curve,points

on the arbitsry scale corresponding to the different
percentére of moigture were “etermined. These values.

ere shown in table 4.  Thece pointg.ave egtablishes

x

¥

on the rrbitary scale and are marked directly in per-

centage of molgture content (weight basis), The calibrgm
i

J

Tion curve iz shwon in iig :

& [

L

L
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Table No 3

Experiment on moisture meter for calibration

'Observati‘on Moisture content Arbitary scale
“Number in percent reading
1 o 57
2 12°5 58
.3 : 16°5 ' 61
i ey | BE | 63
h 245 67
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Table

No &

Comparison between two scales

Percentage

Scale

Arbitary

Scale

—
—_—

563

567

h7°2

576

580

50"

89

593

6072

607

61"

615

620

(YA

628

633

637

641

646
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CHAPTER - 7.,

Tl Discussion.
‘The drier was tested with parboiled rice., A total

of eight mnundsgof.-very moist padiy, collected just after

parboiling, were dried in the drier in nearly eight hours.

y The whole charge of eight maunds was rlaced on
the drying section. Both the blower anAi heeter were
started. The temperature of hot air was adjusted at
60°C. (It wag checked that, the furngce or the electric.
heater, both can be adjusted +to raise the hot air temp-
erature to 60°Q). Blower output was measured to be
352 cfm. &t the outlet of the Arying section. Thus the
two goals of the design, namely :- an air flow rate of10C
cfii/bushel of rice and 140°7(60°C) air temperature, were
achieved..These two conditions result in = fast.but sati-
sfactory Arying of rice., The blower was operated by the
electric motor at.s blower gpeed of 465 rpm. If & man of
avérage health paddles the bi-cycle,he can maintain
continucusly 465 rpm speed at the.blower. Thus the elec-

 tric motor or human mugcle power Arive are interchangeable,

because both result in a 465 rpm blower speed., And for
& Dlower speecd of 445 rpm, air flow through grainc is
352 cfm. Similarly, both tlhe furnace and the electric
heater are interchangeable, because they result in a
equal eir temperature of 60°C, Thig fulfills one of .the
mejor requirements of the degign.

Tel Evaluetion of dried wster hyacinth as a fuel,

- Dried water hyacinth burne at the rate of 10.5
pounds per hour to raise air temperature to 60°C from an
ambient of 25°C. Since average rate of drying is 1 meundis
of paddy per hour (8 maunds in Bohours); fuel requirement
is; 1045 pounds per maund of paddy. .
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Photo - 14 Equipments used in testing the rice drier -
an clectronic  thermometer, an airflow meter

& a tacho-meter [ from wight ]
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The capacity of the electric heater is 6.4 Ki.
Thus eleciricity requirement for heating air to 60°¢
Tfrom an ambient of 2500, ig 6.4 KW-hour., Hence require=
ment.of eleciricity for heating is 6.4 kw-hour per

maund of padiy.

Fresh.water hyacinth were collected from kaoran-—
bazar situated within Dacca netropolitan area., A place
with luxariant grdwth of water hveacinth was selected. ;
Observation shows thust nearly 1000 1lbs ofodried water
hyscinth is available_in esach acre of bond area, if the
whole plant is removed from water for subsgeguent drviang.
Nearly 2353 1bs of fresh water'hyacanth were collected
in five batches. Bach batch was collectsd from an equal
area of 88 sq.ft. The whole charge was dried in 4 doys
to only 10 1lbs..ibout 300 1lbg of fresh water hyecinth
can-be collzcted per mon-hour. rFrom article-4.3.2; coat

of Aried w-ter hyacinth is Tk.0.10 per pound.

Teble 5 .shows a conparison between cost of

heating cir for Arying each meund of paddy.

T3 Lvaluation of humen-mugcle power Arive,

Deily wage of @ lebour is Tk.10.00 per daye -
Two workers.are to he hired Tor running the drying.pleant. .
They may paddle the bi-cycle in turn..Zach mey pedde for
2 hours continuously. If motor is used to run the plent,
oene men surfices. Thus, cést of padiling the blower for
8 hours is Tk.10.00, or the cost is Tk.1.25 per hour.

The mofor load is 200 W, while it consumes 120
watt at no load. Thus energy consumpiticn of the motor
iz 200 watt hour or 0,2 Lkw-hour. Running cost of the 4
motor is Tk.0.10 per hour.{(If cost of electricivy is-
Tk «QCo50 per kw-hour.,
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Table No b

Cost of heating air

for drying rice

1 Source of Amount  [Unit cost [Hecting cost
heat = - required |(in Tk.) |inTk/md.)
| Dried water 10°5 010 105
hyacinth [bs. per b
Electric 64 005 3-20
| heater. kw-hour |per kw-hr
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A comparison of cogst of blowing air to Ary one
maund of paddy per hour, using any of the two sources
of mechanical energy, is shown in Table 6d .

T4 Cost of rice~drying..
Where agriculture ig still et subsistence level,

rcosting of an agricultursel operation beccmes Aifficult,
Observations on traditional rice-drying proctice were
made 1In an area; where agriculture iz at subsistence

level,

Obgervation shows two persons (in.64% cases women)
can Ary = charge_of 400 1bs of rice in 2 days( ffective
Arying time per {ay is sbout 4 hours). Wage of a women

apour is most.often in commodities than in cash. However
2 Tke3.00 per day is & reascnable figure. Thus,labour cost
in rice-drying in traditional method is nearly Tk.6.50

ner meund,

(Tk.8.00/person—~day x 2 persons x 2 days x 82 lbg/
maund) /400 1bs.

= Tk.6,50 per maund.

Over all drying cosgt /uweund,should include the

cost of equinments anAd Arying space.

In an artificial method,major cost may he cost
of energy. Others may be labour cost =n” canital cost.-
Verious combinationsof energy sources for rice-Aryiag -
may be possible, These are, human;muscle power :nd Aried
water hyacinth, ecleciric motor and drie’ water hyaciath
or-eleciric motor and electric heater. HJumen-muscle power

and electric heater may also be a possible combination,

but it has no prectical significence. Inergy cestd with
various possible combinations are shown in table T e
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Table No ©
Cost of blowing air for drying rice
Source  of Amount |Unit cost |Cost of
_ - o blowing air ]
mechanical energy {required |(in Tk.) (in Tk./Md.)
Human-muscle 1 1" 25 125
| ¢ power man-hour |per man-hr
Electric 200 050 010
motor watt-hr | per kw-hr




One man cen run.the artificiel Arier Aeveloped.
Two persons are required only when human-muscle power v
ig used instead of electric motor. Thus extra man required
may be regarded as an energy source and his wage may be’
shovn as.energy coste Thus labouvr cost per meund is Tkel.25
per mound,.( One man dries 8 maunds of padiy in 8 hours,)

- Hatimated cost of major components of the rice

drier is shown in table _8 . Trom thig table,over call
capital investment for the rice-irier,for vearious combin-
ations of energy risources were prepetcred and are zhown

[Sn- I

in Table 9 .

Since utilisation factor of an artifical rice
drier is not yet known, cepital costs for rice-Arying
were not determined.

Table._ 10 shows & comparison of rice Arying in
various method.

Ted Scope for future work and suggestions_for improvement.
- - Ag & pource of heal energy, to be used in rice-

Arying dried water hyacinth.marobe considered promising
Other vegetable woste_like Aried rice strew, 1ry leaves
and twigs mey be tried as fuel. To some extent fa armers
use rice-giraw for parboiling of rice,however mejor use

of rice gtraw is in feeding catile. iLrother inportant

ig rice hulls

=z
gl |

Tuel thet mey also be tried in rice Argin
(husks), The hulls are valuviless sa Tood, Their nutritive
value ig very low and their nig ghosilicon content renders
them harmful to the Aigestive unA respiratory orgens of
enimals., Fuel velus of rice hulls is (14) hC00 to 6000

Btu/lbs, They are Aifficult to dbura because of nigh ash
content, In a forced Arought burner_this rele atively o

vnpovuler fuel mey be used in rice Aryinz. A minor modi-

[
&}
(‘\
B

fication :in the griate of the burner suffices for the jelbhg!

o
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Table No 7

Electric heater

Cost of energy in rice drying

Source  of Source of Cost of |Cost of |Total enargy
[méchanical heat energy blowing air heating air cost'peer‘ .

energy (in Taka) (in Taka) {(n Taka) |
Human-muscle Dried water | 125 105 2°30
| power hyacinth

Electric  motor Do 010 1"05 115

Do 010 - | 320 | 330
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Table No 8

_Cost of rnajor components of the rice drier

N — Estimated total cost{
ame ot - the of material & labour |
component (in Taka )
Blower with human

| muscle power drive only 2,000/~

Blower with electric

motor drive only 3,000~

| Air-heater with burner

(To burn water hyacinth ) 2,000/~

l

| Electric  heater 700/~ -

Rice holding bin 2,000/~
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Table No 9

“Approximate amount of capital investment in rice-drier only

required for various combinations of energy sources

| Source of Source of {Major components Total  investment
mechanical | heat required (in Taka )
energy  |energy
tHuman | Dried Blower with human drive
muscle |[water air-heater with  burner, 6,000~
power - [hyacinth  {grain holding bin.
Electric Blower with cectric motor,
m otor DO air-heater with burner, 7,000/~
grain  holding bin |
Electric  {Electric motor,
DO {heater electric heater, 5,700/~
grain  holding bin.

o S min. e saeel o I A gL okl e,
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Table no - 10

of rice drying in various method

Comprison
Method Sourée  of Energy | Direct | Total To tal
o ] : ] cost perjlabourcost| Gpprox | oo of
nergy use maund capltal .
rice . ' per moum_ P drying
_ ‘ _ Investmert
drying (n Taka) fin Takd) iy 1akq)
Traditional Direct 0 6- 50 650
- sun light :
o Human muscle power |
Artificial and dried 2-'30 125 6; 000/ 1-5
~|water hyacinth
-t Electric motor
DO and dried 1-15 1-25 7000/ 042
water hyacinth
Electric motbr :
Do & electric heater | 330 125 5700/ 247

Refer

to appendix-B

™.d -
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Table No 10

Comparison of rice drying in various

methods
|
‘IMethod  |Sources  of Energy .Direct Total apprax{Sum  of
jenergy &
of energy used cost per fabour cost [capital  {iabour cost
- _ »|maund  |per maund [investment [per Irmund_,
rice-drying (in Taka) |n Taka) [(in Taka) |(in Taka) |
HE
raditional | 070
_. sun-light 0 6 50 6 50
| |Human-muscle mer
Artificial | gng  dried 230 | 125 | 6000~ | 355
water hyacinth '
Electric motor
DO and dried 115 1-25 7,000 2:40
water hyacinth
Electric motor |
DO | & electric 330 1-25 5,700/~ |4°55
heater
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Human muscle power Arive of the blower is
completed using & bi-cycle and frictional coupling
This may beoreplaced by Airect transmission of power
from the pad?le to the blower,using o ci-cycle chain
sprockeis of slitable gizes and if necessgary, two or more

geers,

The electrical motor used with the blower appears
to be over sized, This 1 HP, 440V, 50 H. motor was chosen
because this is the smallest size among The products of
GEC- (Generzl Blectric Compeny) of Bangladesh, local motor,
menufacturer. Recently, Rural Electrification Board is
recomaending single phase motors upto 15 HP. Hence, a
single phase, 220V, ¢ HP, 50 HZ motor may be used replac-

ing the existing 1 HP motor.

The particular rice-holfing bin which has been
fabricated and tested may be cong%ﬂered efTecient in
using the available hect ag wéli&pechaﬂical energy of
Arying air entering into grains. Though 1%t contains nearly
700 1bs of rough rice_at a time, eir pesses only through
150 1bs of rice placed in & layer of about 6 in thickness.
Possibilities of forming turbulence in any portionsof
the air path, is kept to & minimum; Keeping in mind that
turbulence in air resulis in Llogy of mechenicsal energy.
4 woriificetion in this Aesizn may be a gamall rice holding -
bin, with a total capacity of only 150 1bs. Fig _14 shows
the new type. This type may-be suitable for small. batche -
of paddy, Tempering of hot drieA grein to bho caerried in
small bin,

ixtensive use of amboo in meking grete and

side walls, the_cogt of the grein holding bin moy be

decreased comsiderably.

i

-

ol
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Bamboo mesh

o

——

hot dry air

Fig-14 Schematic diagram of the proposed drier
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APPENDIZX - A.

SURVEY ON TRADITIONAI METHOD OF DRYING FADDY,

Farmer's Name -~ Season -
Village - Dete -~
Block -

10,
17

12.

Case history

Paddy type -~ . and Land ares ~

Hervesting was sterted at- on - of 197

Total - man completed harvesting in = hours.
Harvested crop wasg heaped in the formated for - Jays.
Thresting was started at - on -~ ol 197 = .

Total - men with -— bullocks completed threshing
in = hours, . i .

In total -~ . mounds of paddy and - bundlies of hay
were obtained,.

At = ..on - of 197 - about =~ maunds were
parboiled,

AtL -~ | om ~of 197 —  about - maunds parboiled
and = maunds of white rice were sprecd on -
nog. anAd ~~. nos. of baunboo mets, regpectively.
Tor sun - Arying.

Lach baches wos Aried Top - _hours.,

Next Aay, they were Aried.for. ~ hours _and welre
completely -ried/not Aried an® were Aried for -
hours in the following Aay. L
Total -~ _ _man/Vomen was/were engaged in ﬁrying -
manis of padiy,
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APPENDIX - B

Total cost of drying/md = labour cost(inTk/md + Energy cost(inTk/md )
4 Capftal cost(inTk/per md) - Savings( in Tk/md)

Cabital cost/md = Interest _on borrowed money ( 13%)
| Total amount of paddy that can be dried per year

Total amoun of paddy that can be dried ;jer year = { Utilisation factor)
x(capcity in md/year
= 0-20 (assumed) = (24mds/day) = (365 days)
= 1752mds/year |
Savings (In Tk/md )
= Savings duc to improved rice drying method

If price of paddy is Tk-50/md and as because savings
due to improved method of rice drying is reported as 5%
hence savings (in Tk/md)

= Tk~ 50/x0-05
= Tk - 2-50per md
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